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NOVEMBER, 1946 


NUTRITION IN DIABETES MELLITUS 


Despite recent important gains in knowl- 
edge of the mechanism of insulin action 
and of normal and abnormal pathways of 
carbohydrate metabolism in the body, the 
pathology of diabetes and of its attendant 
complications and metabolic sequelae are 
still far from clear. The extent to which 
slowly developing degenerative changes in 
various organs of diabetic patients can 
be ascribed to biochemical disturbances of 
the disease itself or to “secondary” nutri- 
tional deficiencies continues to be a subject 
of much debate. Problems of nutrition in 
diabetes are complicated because many 
types of metabolic derangement, often 
coexistent, are known to affect both the 
course of the disease and the development 
of its complications. Investigators have 
directed attention to the special significance 
of various vitamin deficiencies occurring 
in diabetic patients. Surveys made in 
different sections of this country have 
disclosed, especially among older diabetic 
patients a high incidence of signs of vitamin 
deficiencies, mainly of the vitamin B- 
complex, and these deficiencies have been 
associated with development of serious 
secondary complications, such as neurop- 
athy, retinopathy, hepatomegaly, trophic 
changes, and infections of the extremities. 
On the other hand, M. 8. Biskind and H. 
Schreier (Exp. Med. Surg. 3, 299 (1945)) 
assigned to vitamin deficiencies a primary 
etiologic role, advancing the thesis that 
diabetes, not necessarily dependent on 
reduced production of insulin, represents 
“in the vast majority of patients” impair- 
ment of hepatic response to endogenous 
insulin resulting from protracted vitamin 
B-complex deficiency. Arguments to sup- 
port this thesis were based largely on the 
work of 8S. Soskin (J. Clin. Endocrinology 
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4, 75 (1944)) describing the basic role of 
the liver in maintaining normal carbohy- 
drate balance; also, on evidence that 
nutritional factors, especially of the vitaniin 
B-complex, protect the liver from functional 
and structural damage by various toxic 
agents, and that impairment of the liver 
may result from nutritional deficiencies 
alone or in conjunction with infectious or 
toxic agents. From the accumulated evi- 
dence it is clear that in the metabolic 
disturbances of coexistent diabetes and 
vitamin deficiencies many mutually aggra- 
vating factors can be defined; yet there 
remains the common difficulty of differ- 
entiating, among these factors, relationships 
of mere concomitant circumstance 
those of cause and effect. 

Biskind and Schreier report observations 
on 94 diabetic patients, all of whom showed 
signs and symptoms of vitamin B-complex 
deficiency. Under intensive vitamin ther- 
apy nearly all of these patients showed 
improvement in the avitaminotic lesions 
and in general health, with improvement 
in carbohydrate metabolism leading to 
reduction in insulin dosage or to its omission. 
These observations on the benefits of 
vitamin therapy in recognizably deficient 
patients are not surprising, but the provoca- 
tive argument that hepatic impairment 
conditioned by vitamin B deficiency may 
often be a factor influencing the onset of 
diabetes introduces a new concept. If, 
as the authors maintain, long-standing 
vitamin B deficiency produces hepatic 
impairment which results in failure of 
response to endogenous insulin and con- 
sequent development of diabetes, one should 
expect to see a much higher incidence of 
diabetes in that section of the population 
suffering the highest incidence of vitamin 
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B deficiencies; that is, pellagrins should be 
especially prone to develop diabetes: but 
this apparently is not the case. Biskind 
and Schreier also suggest that in the poten- 
tial diabetic an imbalance of hormones 
involving an excess of estrogenic factors 
may account for a greater need for the 
“‘B-vitamins” and therefore a greater likeli- 
hood of liver damage if that need is not 
satisfied. Their patients required five to 
ten times the normal daily allowance of 
vitamin B-complex for maintenance. Those 
patients, however, were said to exhibit 
evidence of deficiency disease before treat- 
ment was started. It must be borne in 
mind that the cure of lesions created by 
long-standing chronic nutritional  defi- 
ciencies may be more difficult than their 
prevention. 

Other investigators also believe that 
diabetic patients require more of the 
vitamin B-complex than normal persons, 
especially of factors known to be concerned 
in the utilization of carbohydrate; but 
positive evidence on this point is scanty. 
Claims regarding the special importance 
of the B vitamins in diabetes stem from 
early observations that the administration 
of yeast to diabetic patients was beneficial. 
Some investigations (Nutrition Reviews 3, 
231 (1945)) have shown that a deficiency 
of the vitamin B-complex in diabetic 
subjects has an immediate deleterious effect, 
leading to a sharp increase in insulin require- 
ments, and that the administration of 
vitamin B-complex to deficient diabetic 
subjects (patients or depancreatized dogs) 
leads to improvement in carbohydrate 
tolerance and to decreased insulin require- 
ments. V. P. Sydenstricker, L. E. Geeslin, 
and J. W. Weaver (J. Am. Med. Assn. 113, 
2137 (1939)) ovserved that manifestations 
of avitaminosis developed in some diabetic 
patients when their carbohydrate intake 
and insulin dosage were rapidly increased, 
and concluded that the increased utilization 
of carbohydrate accentuated an existent 
mild vitamin B deficiency. Such evidence, 
however, does not prove conclusively that 
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diabetes per se increases the basic require- 
ment for these vitamins. P. T. Lowry 
and D. M. Hegsted (./. Lab. Clin. Med. 30, 
839 (1945)) found no evidence that alloxan 
diabetes increased the basic need for 
thiamine in rats, but they pointed out that 
this observation was not necessarily appli- 
cable to human diabetes. Bacterial infec- 
tions are said to increase the need for 
factors of the vitamin B-complex, partly 
on the basis of observations that manifesta- 
tions of deficiency disease are often pre- 
cipitated by infectious diseases (W. B. 
Bean, T. D. Spies, and M. A. Blankenhorn, 
Medicine 23, 1 (1944)). Since infections 
also increase insulin requirements in diabetic 
subjects, it is probable that the effects of 
infections and of avitaminosis in the diabetic 
are mutually aggravating. 

The extensive literature on the postulated 
role of vitamin B deficiency in diabetic 
neuropathy has been carefully reviewed 
by R. W. Rundles (Medicine 24, 111 (1945)) 
with a report on 125 cases in which this 
diagnosis was made among 3000 new diabetic 
patients seen at the Michigan University 
Hospital during a period of seven years. 
In that group of 125 patients, neuritis 
was frequently associated with retinopathy 
and hepatomegaly, occurring most fre- 
quently among ‘‘poorly regulated”’ patients 
but not correlated with any one acute 
complication. Rundles observed in them 
little if any benefit from vitamin therapy, 
and from all available information he 
concluded that vitamin B deficiency, either 
primary or conditioned, does not play a 
definite role in the development of the 
neuritic complications of diabetes. On the 
other hand, A. Rudy and 8. H. Epstein 
(J. Clin Endocrinology 6, 92 (1945)) in a 
review of 100 cases of diabetic neuropathy 
followed from one to ten years in Boston, 
Massachusetts, reported frequent associa- 
tion of signs and symptoms of vitamin B- 
complex deficiency with the manifestations 
of neuropathy. While also concluding that 
the etiology lay primarily in the abnormal 
metabolism of unregulated diabetes, they 
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found reason to believe that the latter 
favored the secondary development of 
deficiency disease not necessarily due to 
a poor dietary intake. H. F. Root and 
C. C. Mascarenhas (Am. J. Digest. Dis. 13, 
173 (1946)) recently reported 2 cases of 
severe neuropathy, associated with uncon- 
trolled diabetes, in which the patients had 
taken diets of excessively high caloric 
value and high vitamin content for some 
time before the onset of neuritic symptoms. 
Suggesting that in uncontrolled diabetes a 
failure of absorption or utilization of 
vitamins, or an excessive excretion of 
vitamins in the urine, may produce a 
deficiency, they recommend prompt admin- 
istration of vitamin B-complex with 
measures of insulin and dietary control, 
particularly after diabetic coma. All agree, 
however, that administration of large 
amounts of thiamine and other vitamins 
does not bring relief in diabetic neuropathy 
without proper insulin and dietary control. 

Although in the past the control of 
diabetes by limited diets no doubt led 
frequently to gross deficiencies of accessory 
dietary factors, in current practice it is 
unlikely that any recommended diabetic 
diets are significantly deficient in terms 
of accepted normal standards. Even with 
divergent opinions of specialists in diabetes 
regarding optimal amounts of carbohydrates, 
fat, and protein in the diabetic dietary, 
the prescribed diets generally provide a 
better intake of vitamins than is provided 
by the average dietary of the general 
population. Joslin has noted that the 
diabetic patient is apt to have a more 
adequate diet than other members of his 
own family. The diets now generally 
recommended for young diabetic patients 
cannot be said to differ notably from those 
of nondiabetic infants and children of the 
same age, since it is generally agreed that 
the demands of growth are paramount and 
that with the use of insulin no attempt 
should be made to control diabetes in the 
young by dietary restriction beyond limiting 
the caloric intake to avoid obesity. 
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Especially where the so-called “free’’ diet 
is followed by diabetic patients the food 
intake may be expected to correspond to 
that of the nondiabetic population, with 
the advantage of better than average 
instruction in principles of the normal diet. 
This regimen is now being tested in an 
increasing number of clinics. A. Lichten- 
stein (Acta Paediat. 32, 556 (1945), re- 
viewed by E. P. Joslin, New Engl. J. Med. 
234, 442, 476 (1946)) reports ten years of 
satisfactory experience in the treatment of 
169 diabetic children without any dietary 
restriction. These children adjusted them- 
selves spontaneously to diets containing 
6 to7 g. of carbohydrate, 2 to 3 g. of protein, 
and 2.5 to 3.5 g. of fat per kilogram of 
body weight per day. The total caloric 
intake per day, per kilogram of body 
weight, as a rule was maintained spontane- 
ously at 80 to 100 calories for children 
under 5 years, at 60 to 80 calories at ages 
between 5 and 10 years, and at 40 to 60 
calories at ages between 10 and 15 years. 
Hagedorn’s protamine insulin, usually given 
in one injection per day, was used in dosage 
varying between 10 and 100 units per day. 
Continuous glycosuria, amounting to around 
10 per cent of the carbohydrate intake, was 
usually allowed but with precautions against 
the development of acetonuria. The 
children generally enjoyed a sense of well- 
being, showed good physical and mental 
development, with a minimum of 
hypoglycemia, and other complications, 
and their total mortality during the ten 
year period was only 4.7 per cent. Experi- 
ence of another ten years probably will 
be required to bring fuller understanding 
of the merits and demerits of this regimen 
and to give an answer to those critics who 
prophesy that the occurrence of degenerative 
complications of diabetes will be increased 
by long-continued hyperglycemia. 
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GrorGE M, GuEsT 

Children’s Hospital Research 
Foundation 
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PRESENT KNOWLEDGE OF VITAMINS E AND K IN NUTRITION 


There are three closely related substances 
which comprise the group of vitamins E; 
they are alpha-, beta-, and gamma-toc- 
opherol, each of which is a substituted 
chromane derivative having 3 or 4 methyl 
groups, a hydroxy] group, and a Cys branched 
saturated sidechain attached to the 
chromane nucleus. The different toc- 
opherols vary only in number and position 
of the methyl groups within the molecule. 
These compounds were discovered as a 
result of the sterility which follows their 
exclusion from the diet of the rat, and this 
antisterility activity, owing to the historical 
accident of its earlier discovery, has perhaps 
overshadowed its other physiologic actions 
which may be equally important though 
less striking. 

The vitamins E occur chiefly in plant 
materials, particularly in vegetable oils 
and green leaves, while the animal organism 
contains only small amounts. Wheat germ 
oil has long been used as one of the rich 
natural sources, and concentrates of natural 
tocopherol mixtures are now prepared by 
molecular distillation of this oil. The pro- 
portions of the three tocopherols present 
in natural sources vary widely. The syn- 
thetic individual tocopherols are also 
available commercially. 

The effect of deprivation of vitamin E 
on the rat has been described in detail; 
in the male it produces an irreversible 
sterility characterized by degeneration of 
the germinal epithelium. In the female, 
gestation starts normally after conception 
and in moderate deficiency gestation may 
be prolonged and the litter may die during 
lactation or be born dead. In _ severe 
deficiency the fetuses may begin to develop 
normally but about the middle of the 
gestation period they, together with the 
placental tissue and site of implantation, 
begin to degenerate, die, and are resorbed 
completely. On the completion of resorp- 
tion, normal estrus cycle sets in and the 


animal is again able to conceive. Such 
“resorption sterility’ can be cured by 
giving a suitable dose of vitamin E at any 
time before a critical number of days of 
the succeeding pregnancy has _ elapsed. 
Claims have been made for the beneficial 
effect of vitamin E in the treatment of 
various forms of sterility in women, but 
they appear to cancel each other and leave 
no satisfactory evidence of benefit produced 
by the vitamin E treatment. 

Following the early period of study of 
fertility and its relation to vitamin E came 
a period in which much attention was 
directed toward the study of muscle dys- 
trophies in various species produced by a 
lack of vitamin E. Such pathologic condi- 
tions could be produced in a variety of 
species by diets lacking in vitamin E, 
particularly if the diets contained per- 
oxidized oils such as cod liver oil. Here 
again the application to human problems of 
muscular dystrophy failed to produce any 
conclusive evidence that vitamin E is of 
benefit in any type of muscular dystrophy 
observed clinically (Nutrition Reviews 3, 
259 (1945)). 

The most striking chemical property of 
the vitamins E is perhaps their antioxidant 
activity, and more recently much evidence 
has been accumulated to show that their 
physiologic actions may be due to this 
property. In the dystrophic muscle there 
is a greatly increased respiration over 
normal, and the oxygen consumption of 
the dystrophic muscle is reduced dramat- 
ically by treating the animal with tocopherol 
or by adding it to the muscle in vitro before 
the oxygen uptake is measured (Nuirition 
Reviews 1, 308 (1948)). In line with this 
is the finding that the body fat from the 
carcasses of vitamin E deficient rats is 
abnormally susceptible to oxidation and 
that the fat can be stabilized by doses of 
tocopherol. As a corollary to this the 


amount and quality of fat in a diet have 
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an important effect on the production of 
vitamin E deficiency. Cod liver oil accel- 
erates the production of muscular dystrophy 
in rabbits or guinea pigs on a vitamin E 
free diet (Ibid. 1, 381 (1943)). 

One of the most important actions of 
vitamin E, stemming from its antioxidant 
activity, is the protection of vitamin A 
and carotene from oxidation, both in the 
alimentary tract and in the cells (Nutrition 
Reviews 3, 17 (1945)). These substances 
are particularly sensitive to oxidative 
destruction in the presence of unsaturated 
fats, and hence it can be readily accepted 
that protection is afforded them by an 
antioxidant such as vitamin E. It is thus 
. of great value in “stretching” the supply 
. of vitamin A, since a liberal supply of 
vitamin E makes it possible to subsist on 

an Otherwise marginal amount of vitamin 
A and to accumulate a store or reserve of 
vitamin A on an intake otherwise insufficient 
to permit it. 
Vitamin E can be measured quantitatively 
by means of a bioassay with rats using as 
criterion the ability of the test material 
to prevent resorption sterility under stand- 
| ardized conditions. Progress has been made 
toward a chemical analysis for tocopherols 
depending on their reducing power, but 
much work remains to be done before this 
procedure can be applied routinely to 
unknown materials, since so many kinds 
of interfering materials are present in 
biologic materials. Additional difficulties 
are caused by the need for estimating the 
different tocopherols separately where more 
than one is present, because of their different 
biologic activities. 

Little is known concerning the require- 
ment of man for vitamin E. It is not 
known whether a spontaneous deficiency of 
this vitamin has been observed, but this 
could be accounted for by the widespread 
distribution of vitamin E in foods in small 
quantities, and possibly by bacterial 
synthesis of part of our needs in the intestine. 
Scores of chemical compounds which are 
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derived from or related to 2-methyl-1,4 
naphthoquinone possess some degree of 
vitamin K _ activity. There have been 
recognized in nature vitamin K,, 2-methyl-3- 
phytyl-1 ,4-naphthoquinone, which is pres- 
ent in green leaves and was originally 
isolated from alfalfa, and vitamin Kz, 
2-methyl-3-difarnesyl-1 , 4-naphthoquinone, 
which occurs in microorganisms and was 
originally isolated from the products , of 
bacterial spoilage of fish meal. The unsub- 
stituted 2-methyl-1 ,4-naphthoquinone itself 
is more active than either vitamins kK, or 
K,, approximately in the inverse ratio of 
their molecular weights. 

No evidence is at hand which enables us 
to decide in exactly what chemical form 
vitamin K must exist to carry out its 
function in the body, though much work 
on the specificity of vitamin K has been 
reported. The 2-methyl group cannot be 
replaced by hydrogen or higher alkyl 
groups without considerable loss of activity, 
while considerable variation in the sub- 
stituent in the 3- position is possible without 
great loss of efficiency. Substitutions in 
the benzene ring appear to destroy the 
efficacy of the compound, and in general 
it may be said that conversion of the 
quinone to the corresponding hydroquinone, 
ester, or ether does not destroy activity so 
long as the compound can be reconverted 
simply into the quinone. Vitamin K, oxide, 
4-amino-2-methyl-l-naphthol , 4-amino-3- 
methyl-l-naphthol, | 2-methyl-l-naphthol, 
3-methyl-l-naphthol, 2-methyl-1-tetralone, 
and 3-methyl-l-tetralone all are almost as 
active as vitamin K, or else intermediate 
in activity between vitamin K, and 2- 
methyl-1 ,4-naphthoquinone. 

The function of vitamin K is to aid in 
the formation of prothrombin, a substance 
present in normal blood which is required 
for the production of thrombin itself before 
fibrin can be formed and the blood can 
clot. In the absence of vitamin K the 
condition of hypoprothrombinemia occurs 
in which blood clotting time may be greatly 
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and even indefinitely prolonged. There 
is no information concerning the way in 
which vitamin K takes part in the produc- 
tion of prothrombin (Nutrition Reviews 2, 
101 (1944)). 

It is relatively difficult to produce vitamin 
K deficiency in mammals by dietary 
restriction, presumably since it is not 
possible to decrease sufficiently the synthesis 
of vitamin K by microorganisms in the 
intestine (Nutrition Reviews 3, 35, 48 
(1945)). Strains of Escherichia coli have 
been isolated and shown to possess the 
ability to synthesize vitamin K to a greater 
extent than other species commonly occur- 
ring in the intestine, and to do so in 
simplified growth mediums. Since the 
natural vitamins K are fat soluble 
compounds, they are absorbed from the 
gut only in the presence of bile, and con- 
sequently vitamin K deficiency can be 
induced by making a bile fistula. Even 
large doses of vitamin K given orally are 
then inactive unless bile salts are given 
simultaneously. The synthetic water 
soluble forms of vitamin K are of course 
absorbed and therefore curative in the 
absence of bile. The fat soluble forms 
may be injected or administered by inunc- 
tion with rapid responses to treatment. 

The only times when the human intestinal 
flora does not produce enough vitamin K 
for human needs appear to be immediately 
after birth before the intestinal flora is 
established, and possibly during prolonged 
treatment with sulfa drugs (Nutrition 
Reviews 2, 221 (1944); 3, 34 (1945)). Since 
storage of vitamin K is apparently very 
limited in extent, the mother may be able 
to supply little to the fetus before birth, 
and it may easily happen that during the 
first few days of life a hypoprothrombinemia 
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may appear and become more intense 
until the intestinal flora begins to make 
vitamin K available for absorption. This 
hypoprothrombinemia can be prevented 
either by dosing the mother with vitamin 
K shortly before parturition or giving the 
infant a single small dose of the vitamin. 

Any condition which interferes with the 
flow of bile will prevent the absorption of 
the vitamin K present in foods or synthesized 
in the intestine. Vitamin K has proved 
a lifesaver in surgery to relieve obstruction 
of the common duct because in this condition 
hypoprothrombinemia may be severe, and 
before the advent of vitamin K led fre- 
quently to death from hemorrhage following 
surgical treatment. This is now a thing 
of the past. 

The assay of vitamin K is carried out 
by testing the ability of the assay material 
to decrease the “prothrombin time” of 
chickens rendered deficient in vitamin K 
by a diet free of this substance. This 
assay compares favorably in_ specificity 
and precision with other bioassays and 
has been adopted widely. No suitable 
means of chemical estimation has yet been 
devised, but some progress has been made. 

Since mammals appear to have a sufficient 
supply of vitamin K provided by the 
intestinal flora, and since synthetic vitamin 
K = (2-methyl-1,4-naphthoquinone) can 
be prepared cheaply, there has been little 
incentive to obtain complete information 
about its distribution in foods. Fruits 
and cereals are poor sources, while the 
green leafy tissues of plants are good sources 
of vitamin K. Molds, yeasts, and fungi 
contain very little, but it occurs in many 
bacteria, so that most putrefied animal 
and plant materials contain considerable 
quantities. 


A PRECURSOR OF CHOLINE 


N. H. Horowitz (J. Biol. Chem. 162, 413 
(1946)) has reported valuable evidence of the 


mode of formation of choline in the micro- 
In previous papers 


organism Neurospora. 
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(N. H. Horowitz and G. W. Beadle, Ibid. 
160, 325 (1943); N. H. Horowitz, D. Bon- 
ner, and M. B. Houlahan, Jbid. 159, 145 
(1945)) he and his collaborators have de- 
scribed two artificially produced choline-re- 
quiring mutants of Neurospora crassa. 
These differ from the wild type in their in- 
ability or partial inability to synthesize 
choline, which must therefore be supplied in 
the growth medium. They are designated 
as strain 34486, or cholineless-1, and strain 
47904, or cholineless-2; each carries a muta- 
tion of a single gene. Little or no growth 
occurs on an unsupplemented basal medium, 
but both strains rival the growth of the wild 
type in choline supplemented mediums, and 
some choline analogues are active in pro- 
moting the growth of the mutants. 

In one of the earlier papers it was reported 
that there accumulates in cultures of choline- 
less-2 a which promotes the 
growth of cholineless-1. From the com- 
parison of the growth curves of cholineless-1 
in the presence of this supplement and in the 
presence of monomethylaminoethanol, it was 
thought that the unknown supplement might 
be this compound. The first attempts to 
establish this identity however failed, for it 
was not possible to obtain suitable deriva- 
tives from the concentrates to identify the 
compound. 

The most recent paper (loc. cit.) reports 
the successful accomplishment of the identi- 
fication of the growth stimulant as mono- 
methylaminoethanol. It was isolated from 
the strain cholineless-2, which was grown in 
5 gallon carboys containing 16 liters of basal 
medium plus 2 mg. of choline chloride. The 
carboys were incubated at 25° with forced 
aeration for ten days, and the mold was 
filtered off and excess medium squeezed out. 
From each carboy 400 to 500 g. of moist 
mycelium were obtained, and 1 kg. yielded 
300 mg. of the active substance as the picro- 


substance 
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lonate, which was identical with the picro- 
lonate of monomethylaminoethanol. 

The isolated and the synthetic picrolon- 
ates were equally active in stimulating the 
growth of cholineless-1 and of course inactive 
for cholineless-2, which had produced the 
substance. The further methylated com- 
pound dimethylaminoethanol was then 
tested on both strains, and found to stimu- 
late the growth of both. Experimefital 
demonstration was also made of the actual 
production of choline by cholineless-2. Al- 
though some choline was present in the 
medium on which the mold was grown, four 
times as great a quantity was isolated 
from the mycelium grown on the medium. 

From the results described above the 
author, with the aid of two assumptions, 
derives a picture of the mode of formation of 
choline. In cholineless-1 the block in the 
synthesis of choline precedes the formation 
of monomethylaminoethanol, so that this 
mutant cannot synthesize this compound, 
but can utilize it for choline synthesis if given 
asupply. Assuming that in Neurospora the 
monomethylaminoethanol is produced from 
aminoethanol, then the blockage of syn- 
thetic activity occurs between these two 
compounds in cholineless-1, since amino- 
ethanol cannot be converted to choline by 
this mutant. In cholineless-2 however the 
blockage occurs between monomethylamino- 
ethanol and choline; it can synthesize this 
compound but cannot convert it to choline 
at the normal rate. The monomethyl- 
aminoethanol therefore accumulates in the 
mold cells and later in the medium. 

On the assumption that this compound is 
methylated to choline in two steps, then the 
process is blocked between the mono- and 
and di-methylaminoethanols, because the 
dimethyl compound is readily utilized for 
growth by cholineless-2, while the mono- 
methyl compound is not. 
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A CLINICAL AND HEMATOLOGIC STUDY OF SEVERE SCURVY 


The relationship of the anemia occurring 
in scurvy to ascorbic acid deficiency is not 
clear. S. R. Mettier, G. R. Minot, and W. 
C. Townsend (J. Am. Med. Assn. 95, 1089 
(1930)) reported that scorbutic anemia re- 
sponded specifically when orange juice was 
administered and that it did not respond to 
iron or purified liver extract. Since then, 
however, some evidence has been offered 
which suggests that scurvy and anemia do 
not necessarily coexist and doubt has been 
raised as to the relationship between ascorbic 
acid and hematopoiesis. In _ particular, 
doubt has arisen because of observations in 
experimentally induced ascorbic acid defi- 
ciencies such as those described by J. H. 
Crandon, C. C. Lund, and D. B. Dill (New 
Engl. J. Med. 223, 353 (1940)). The latter 
investigators reported extensive studies on a 
single individual whose diet was deficient in 
ascorbic acid only. Though considerable 
blood was withdrawn from the subject for 
the various types of measurements which 
were made, and the dietary regimen was 
continued until wound healing was impaired 
and perifollicular hemorrhages had de- 
veloped, anemia did not appear. 

While much is written concerning ascorbic 
acid deficiency, classic scurvy is rarely seen. 
The reports which have appeare’ have, in 
the main, been based on the study of one, 2, 
or 3 persons. The report of R. W. Vilter, 
R. M. Woolford, and T. D. Spies (J. Lab. 
Clin. Med. 31, 609 (1946)) is, therefore, of 
considerable interest because these investi- 
gators describe 19 cases of scurvy encoun- 
tered in a ten year period in the Cincinnati 
General Hospital, of whom 11 were studied 
in detail. 

The patients were males with but one 
exception. Thirteen were bachelors or had 
been widowers for more than a year; they 
had cooked their own meals or ate alone in 
restaurants. In several instances, citrus 
fruits were too expensive for their limited 
budgets. Of the remaining 6 patients poor 


dietary selection in patients who were men- 
tally deficient was the cause of deficiency in 
two instances, paregoric addiction and re- 
stricted intake was the cause in one, chronic 
alcoholism and dietary deficiency existed in 
one, and self prescription of an ascorbic acid 
deficient diet for dyspepsia was the cause in 
2. Fatigue, weakness, and loss of appetite 
for months or years preceding admission as 
well as bruises usually related to slight 
trauma were symptoms common to all. 
Most of the patients complained of dull ach- 
ing in the legs and swelling and pain in the 
knees or ankle joints. These symptoms 
were followed by the appearance of purplish 
discolorations about the affected joints which 
extended up and down the legs and arms and 
occasionally over the abdomen and face. 
Later the subjects with natural teeth noticed 
painful swollen gums which interfered with 
mastication and from which blood oozed. 
The most characteristic clinical sign was the 
presence of minute hemorrhages about the 
hair follicles. Effusions of blood under the 
skin of small to large size were also present. 
Deep subcutaneous or intramuscular hemor- 
rhages were encountered in 4 patients. In 
one the knee joint contained gross blood. 
In 13 the interdental papillae and gingival 
margins were greatly swollen, blue red, ten- 
der, and highly friable. In some patients 
these swellings were so great that the teeth 
were nearly covered by gum tissue. Gen- 
erally the patients presented a sallow, dirty, 
grayish yellow, cadaveric complexion. The 
hands and feet were cyanotic and cold and 
the blood pressure was normal or low in all 
except 3 subjects. Signs which have been 
attributed to deficiencies of various B-vita- 
mins were observed in 7 of the patients. 

The plasma ascorbic acid content was 0.0 
mg. per cent in every instance. Moderately 


severe anemia was present in 17 of the 19 
subjects. The red cells, in the main, were 
normal in size and hemoglobin content or, 
in some instances, were larger than normal. 
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The number of leucocytes was normal except 
in a few instances in which the number was 
reduced, and the number of platelets was 
normal or only moderately reduced in all of 
the cases. Of special interest from the 
standpoint of the pathogenesis of the anemia 
in these cases was the fact that the initial 
reticulocyte counts ranged from 3 to 10 per 
cent in all but 2 patients. The bone marrow 
was moderately hypercellular in a few cases 
and was normally cellular or hypocellular in 
the remainder. The icteric indexes ranged 
from 10 to 22; that is, all were above normal. 
The Van den Bergh reactions were of the 
indirect or delayed biphasic type and the 
urine contained an excess of urobilinogen but 
no bile. The stool urobilinogen content was 
also slightly to moderately increased above 
the normal. The prothrombin times were 
normal in 7 of the 11 patients tested and 
total serum proteins ranged from 4.31 to 
6.68 g. per 100 ml. Except in one case, liver 
function tests indicated no impairment. 
The secretion of hydrochloric acid by the 
stomach following the injection of histamine 
was reduced or totally lacking. 

For periods of from two to twenty-one 
days, as the condition of the patients per- 
mitted, they were maintained on an ascorbic 
acid restricted diet and were given no treat- 
ment. It is estimated that the restricted 
diet provided “several milligrams of vitamin 
C as a maximum.” Two of the patients 
were observed to improve both clinically 
and hematologically on bed rest alone. Of 
the remaining 9, 6 remained unchanged and 
3 developed a rapid decline in erythrocytes 
and hemoglobin while the reticulocytes in- 
creased and their clinical condition grew 
worse. All of these 9 patients improved 
within twenty-four to forty-eight hours after 
administration of ascorbic acid. The nail 
beds became pink, the cadaveric gray color 
of the skin disappeared, the blood pressure 
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rose, and the abnormal respiration was re- 
placed by normal breathing. Those who 
had temperature and pulse elevations before 
the administration of ascorbic acid had nor- 
mal temperatures and pulse rates within 
from one to three days after. The peri- 
follicular hemorrhages disappeared after 
from two to three days and major effusions 
of blood under the skin disappeared over a 
period of from two to three weeks, leaying 
large areas of pigmentation in their wake. 
Icteric indexes and urine urobilinogen con- 
centrations fell to normal levels in four to 
twelve days. In 2 of the 9 patients who were 
treated, reticulocytes increased after ad- 
ministration of ascorbic acid whereas in 7 
patients the already existent high reticulo- 
cyte levels were maintained or rose slightly 
between the fourth and seventh day after 
therapy was commenced, subsequently fall- 
ing slowly to normal. Red cell and hemo- 
globin increases began from four to seven 
days after ascorbic acid administration. 

Although, in some instances, complicating 
deficiencies existed one cannot dispute the 
statement of the investigators that the ane- 
mia in these cases occurred primarily because 
of ascorbic acid deficiency. The data do 
not prove conclusively that there was in- 
creased blood destruction or that there is a 
direct relationship between ascorbic acid and 
the anemia of scurvy. The bilirubinemia 
and increased pigments in the urine and stool 
may have been derived from absorption of 
blood from the tissue hemorrhages, and the 
reticulocytosis due to stimulation of the bone 
marrow caused by these hemorrhages. It is 
possible that the anemia was due to the 
hemorrhages per se, and this explanation 
would not be in conflict with the study of 
Crandon and associates in which neither 
anemia nor extensive intramuscular or sub- 
cutaneous hemorrhage had occurred before 
termination of the experiment. 
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A CHICK GROWTH FACTOR IN COW MANURE 


The list of new growth factors continues 
to expand. Most of them have been ob- 
tained from liver or yeast, but one of the 
most recently discovered factors is found in 
cow manure. It is necessary for growth of 
chicks, and appears to be different from other 
previously reported chick factors. 

Observations on the growth promoting 
properties of cow manure or rumen contents 
were made by J. C. Hammond (Nutrition 
Reviews 4, 116 (1946)). Although it was 
not certain from the earlier studies whether 
the beneficial effects of dried cow manure 
were due to specific substances or merely to 
an improvement in the quality of the pro- 
tein, the argument for the existence of a dis- 
tinct growth factor has been greatly 
strengthened by the work of M. Rubin and 
H. R. Bird (/. Biol. Chem. 163, 387, 393 
(1946)). 

In the first experiments of Rubin and 
Bird, groups of 25 day-old chicks were fed 
a basal ration consisting of yellow corn 38 per 
cent, barley 20 per cent, alfalfa leaf meal 
3 per cent, soybean oil meal 35 per cent, 
butyl fermentation solubles 0.6 per cent, 
bone meal 1.5 per cent, limestone 1 per cent, 
salts 0.7 per cent, and vitamin A and D feed- 
ing oil 0.2 per cent. To each 100 g. of this 
diet were added 50 mg. of choline and 1 mg. 
of niacin. The various supplements tested 
were added at the expense of the corn. 
Weight, hemoglobin, and hematocrit values 
were recorded throughout the six weeks of 
experiments. 

Chicks on the basal diet showed normal 
feather development, and the hemoglobin 
and hematocrit values were essentially the 
same as those which were fed a supplement 
of 8 per cent dried cow manure. However, 
the basal group registered less growth (333 g. 
compared with 428 g.). This basal value 
could not be improved, and in some cases 
was actually lower, when the basal diet was 
supplemented with yeast, folic acid, the vit- 


amin Be group, or additional alfalfa leaf 
meal (5 per cent) or butyl fermentation solu- 
bles (5 per cent).. Three per cent of 
solubilized liver produced a further weight 
increase of 20 g., and the authors concluded 
that this material was a good source of the 
substance in which the basal diet was defi- 
cient. (Hammond had previously observed 
that 2 per cent sardine meal could replace 
cOW manure or rumen contents.) Finally, 
it was pointed out that the failure of yeast, 
fermentation solubles, or alfalfa meal to en- 
hance growth indicated that the cow manure 
factor must be different from the folic acid 
group. This statement might seem some- 
what premature in view of the large quan- 
tities of manure (8 per cent) which were 
needed for optimum growth. However, in 
their second paper the authors reported the 
preparation of concentrates which were fully 
active at levels as low as 0.07 per cent of the 
diet. 

The active principle was found to be 
moderately soluble in water or half-saturated 
ammonium sulfate solution, and in 50 per 
cent and 95 per cent ethyl alcohol. It was 
insoluble in ether and chloroform, and stable 
to dry heat at 100° for one hour, or to auto- 
claving in solution for fifteen minutes at 
120°. It was largely precipitated from solu- 
tion at pH 3.0 and did not dialyze through 
cellophane, indicating that the molecular 
weight was relatively large or that the factor 
was bound to a larger molecule. The sta- 
bility toward heat indicated that the factor 
was not of protein proportions itself. That 
it may arise as a result of bacterial synthesis 
seems likely, although the possibility of its 
formation through degradative processes 
must also be considered. 

The factor has been concentrated approxi- 
mately one hundred fold by extraction with 
water, autoclaving and adjusting the pH to 
3.0, retaining and redissolving the precipitate 
in dilute alkali, precipitating with half- 
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saturated ammonium sulfate, and retaining 
the soluble material. Optimum growth was 
obtained with this material when 3.75 to 7.5 
mg. were added to each 100 g. of diet. 

The factor could be transmitted from the 
hen through the egg to the chick. This 
point was demonstrated by observing some- 
what enhanced growth on the basal diet 
among chicks whose mothers had been fed a 
supplement of cow manure. The effect was 
greater, however, among hens fed a fish meal 
diet; their progeny gained weight as well or 
better when fed the basal diet as when sup- 
plemented with 5 per cent manure, indicating 
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that the tolerance for these extracts was 
diminishing at high levels. 

Since it has become almost axiomatic that 
a growth substance for microorganisms will 
be required for some animals (and often vice 
to test the 
activity of the chick factor for its possible 
relationship to any of the several bacterial 
growth factors recently reported. This 
would help to integrate the various linés of 
approach to the study of growth factors, and 
eliminate some of the confusion which fre- 
quently exists until the pure factor can be 
made available for testing. 


versa), it should be of interest 


WOUND HEALING AND THE PLASMA ASCORBIC ACID LEVEL 


The relation of faulty wound healing and 
deficiency of ascorbic acid has been estab- 
lished on a sound basis even in man (J. H. 
Crandon, C. C. Lund, and D. B. Dill, New 
Engl. J. Med. 223, 353 (1940)). 
mained to be shown whether ascorbic 
acid is a significant factor in causing failure 
of wound healing in clinical practice. 

With this question in mind, H. M. Carney 
(Ann. Surgery 123, 1111 (1946)) undertook a 
study of soldiers wounded during the Italian 
campaign in November, 1943. The study 
was carried out at a time when the battle 
lines were in a stable state and thus the con- 
ditions for study were comparatively good. 
The diet of the soldiers prior to the campaign 
had been uniform and simple; fighting was 


It has re- 


in the mountains where transportation was 
dificult so that a concentrated diet was 
necessary. The ascorbic acid content of the 
diet was in the form of lemon powder which 
was not relished by the troops and so was 
usually discarded. Carney was able to 
determine the exact diets of the individuals 
for thirty days prior to the time they were 
wounded. In most instances, the diet had 
been the same for much longer periods of 
time but one month was as long as most pa- 


tients could recall the type of ration they had 
saten. 

Of 100 soldiers examined, 68 had wounds. 
The latter had an average of 2.6 wounds per 
patient. They were divided into 43 mildly 
wounded, that is, having usually one or two 
wounds of the soft tissues; and 25 cases of 
seriously wounded, having extensive injuries 
and multiple wounds often associated with 
fractures. The average soldier in the group 
had had “C-rations” for nine days, ‘“‘K- 
rations” for nine days, and other rations of 
known composition for specified periods of 
time. 


*. 


No case of clinical scurvy was encountered 
and there was no unusual hemorrhage in the 
skin in any of the men. The only abnormal 
condition of the gums was that usually seen 
with pyorrhea. The admission plasma a- 
scorbic acid levels of the 100 patients varied 
between 0.1 mg. and 2.35 mg. per cent. 
Seventy five per cent of the levels were in the 
range of 0.2 to 0.5 mg. per cent. The mean 
level for the entire group was 0.63 mg. per 
cent. Of the 43 less seriously wounded or 
patients having operative incisions, only 2 
failed to heal. In the first of these the a- 
scorbic acid was 0.2 mg. per cent. In the 
second the value was 0.43 mg. per cent. One 
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patient not included in the failures had an 
abscess of a puncture wound of the knee 
region on admission. The wound for in- 
cision and drainage of the infection healed 
promptly. The ascorbic acid level was 0.1 
mg. per cent. 

Of the 25 seriously wounded patients 6 
failed to heal promptly. The level of ascor- 
bic acid for the group of wound failures on 
admission was 0.3 mg. per cent. In the re- 
mainder of the seriously wounded soldiers 
those who healed promptly, the level was 
0.45 mg. per cent. It is of interest that in 9 
selected patients with repeated wound fail- 
ures, the plasma ascorbic acid levels ranged 
from 0.5 to 1.44 mg. per cent. 
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Carney could establish no relationship be- 
tween plasma ascorbic acid and wound heal- 
ing. He points out that failure of wounds to 
heal is usually attributable to infection, and 
improvement in surgical technic has led to a 
reduction in the problems associated with 
wound healing. On the basis of this study, 
then, it would appear that deficiency of a- 
scorbic acid among American troops in the 
Italian campaign of the recent war must 
have been a rare cause for failure of wounds 
to heal. Despite the experimentally estab- 
lished relationships, ascorbic acid deficiency 
may not be the principal basis for explana- 
tion of delayed wound healing. 


DIETARY HABITS IN PATIENTS WITH CANCER OF THE STOMACH 


The incidence of cancer of the stomach 
varies in different races. Thus the native 


Malays of Java are said to develop gastric: 


cancer rarely while the Chinese in the same 
country have a relatively high incidence (C. 
Bonne, Am. J. Cancer 30, 435 (1937)). In 
England, gastric cancer was the cause of 22 
per cent of deaths in males from cancer, 
whereas statistics from Western, Central, 
and Northern Europe showed the incidence 
to be about 50 per cent (W. Cramer, Ibid. 29, 
1 (1937); A. Hurst, Lancet I, 553 (1939)). 
Hurst, a prominent gastroenterologist of 
England, stated that cancer of the stomach 
occurred approximately twice as often 
among the lower income classes as compared 
with the more well-to-do. L. F. Craver 
(Am. J. Cancer 16, 68 (1932)) compared vari- 
ous factors in 36 patients with cancer of the 
stomach and in 18 patients who had cancer 
of the esophagus. Poor teeth, lack of teeth, 
and other gastrointestinal disorders were 
most prominent in the histories of the gastric 
cancer patients while excessive use of tobacco 
and alcohol were noted in a greater percent- 
age of those who had cancer of the esopha- 
gus. W.E. Herbert and J.S. Bruske (Guy’s 
Hospital Reports 86, 301 (1936)) reviewed 


500 patients between the ages of 30 and 60 
attending the outpatient department of 
Guy’s Hospital in London, England, and a 
similar group attending the University Poli- 
clinic in Amsterdam. The Dutch, who had 
a higher incidence of gastric cancer appeared 
to eat more rye bread, cheese, and vegetables 
than the British, but less meat. Also they 
ate their food faster, hotter, and more highly 
spiced. Excessive use of tobacco and al- 
coholic beverages, other than beer, and the 
occurrence of gross oral sepsis were more 
common in the Dutch group. 

Stimulated by these observations L. J. 
Dunham and A. Brunschwig (Gastro- 
enterology 6, 286 (1946)) undertook to com- 
pare, in so far as possible, the eating and re- 
lated habits of patients with gastric tumors 
with those of an equal number of patients 
presenting diseases other than gastric tumor. 
In all cases emphasis was placed on the 
habits and environment of the patients in 
the fifteen to twenty years preceding the on- 
set of the present illness. Forty patients in 
each group were questioned. The average 
age of those with tumor of the stomach was 
55.8 years. There were 31 men and 9 
women. Thirty-six had gastric carcinoma 


ee 





Mitra 


stetaaiciaminsie 








tr sett a aces seins thes 


cr ne ANNIE ashi vaior 








1946] 


and one of these had pernicious anemia. 
Four patients had lymphoblastoma of the 
stomach. Of those without gastric tumor 
there were 29 men and 11 women whose 
average age was 55.5 years. These “con- 
trol” cases included patients with per- 
nicious anemia, atrophic gastritis, and non- 
neoplastic disease of the stomach and 
duodenum. Nineteen of the patients had 
some form of malignant disease other than 
gastric. 

It is recognized that the information de- 
rived from the patients was highly subjective 
innature. The patients were selected, how- 
ever, on the basis of intelligence and coopera- 
tiveness and a number of the answers to the 
questions were given in a way which led the 
investigators to believe there was no doubt 
as to the correctness of the answers. 

The amount of food eaten and the speed 
with which it was eaten seemed to be about 
the same in both groups. About 62.5 per 
cent gave a story of irregular eating habits 
as compared with 35 per cent in the control 
group. In the gastric tumor group the 
statement was made that excessively hot 
foods were taken by 42.5 per cent of the 
cases whereas the same statement could be 
made about only 20 per cent of the control 
group. Under the head of dietary and 
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chemical “irritants” were considered such 
factors as large ingestion of meats, starches, 
fats and fried food, seasonings, coffee or tea, 
alcohol, and excessive use of tobacco. Per- 
centages of positive factors were slightly 
higher in the gastric malignancy group, ex- 
cept in the case of tobacco, where they were 
the same. Regular ingestion of alcohol was 
encountered in both groups in about one 
third of the Very heavy drinkers 
were found equally divided between the two 
groups. 

Poor dental apparatus, that is, lack of 
teeth, numerous extractions, and remaining 
carious teeth were found in 82.5 per cent of 
the gastric tumor cases and in 65 per cent of 
the control group. As to race it was found 
that 72.5 per cent of the gastric tumor pa- 
tients were of 


-ases. 


recent foreign extraction, 
whereas only 50 per cent of the control 
group could be classed in this category. 

In summary, the percentages of “irritant” 
factors were, in general, slightly higher in the 
gastric tumor than in the control patients. 
The differences, however, could not be con- 
sidered statistically significant. The in- 
vestigators conclude that their study failed 
to reveal differences which could be regarded 
as significant in the etiology of gastric can- 
cer. 


5-METHYL URACIL AND OTHER ANTIANEMIC AGENTS 


Much impetus has been given to the study 
of nutritional factors as hematopoietic 
agents by the discovery of the effectiveness 
of the Lactobacillus casei factor in the treat- 
ment of macrocytic anemias. This subject 
was discussed recently (Nutrition Reviews 4, 
102, 199 (1946)). 

In this connection, the report of W. B. 
Frommeyer, T. D. Spies, C. F. Vilter, and A. 
English (J. Lab. Clin. Med. 31, 643 (1946)) 
is of special interest. These investigators 
have been interested for some time in the 
significance of 2,4-dioxo-5-methyl-pyrimi- 
dine (also known as thymine or 5-methyl 


uracil) as a hematopoietic substance. This 
is one of the nucleotides found in thymonu- 
cleic acid. Since thymine is an integral part 
ot the biologic cell, Spies and associates be- 
‘ame interested in its possible role in 
hematopoiesis. Earlier studies were uncon- 
vincing concerning its effectiveness but more 
recent investigations in which larger doses 
were given to patients with pernicious ane- 
mia indicate that an antianemic effect can 
be induced by this means. 

Following adequate preliminary observa- 
tions, 6 patients were treated with this sub- 
stance. The daily oral doses ranged from | 
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to 12 g. for periods of five to fourteen days. 
The data indicate that when amounts of 5- 
methyl! uracil as great as 4.5 g. per day or 
more are given, a reticulocyte increase occurs 
which is similar to that observed following 
the administration of liver extract in per- 
nicious anemia. In one patient described in 
an earlier report (Blood 1, 185 (1946)), a 
hematologic response to 2 g. orally three 
times a day was reduplicated approximately 
six weeks later when 5 g. were given twice a 
day. In another patient, the administration 
of 3.4 g. three times a day was associated 
with an increase of reticulocytes to 19 
per cent; this corresponds to the response 
expected following adequate liver therapy. 

Following the reticulocyte response, red 
cells and hemoglobin increased in the cases 
described although the rise was not impres- 
sive. The greatest increase in red cells was 
approximately 1 million red cells after seven- 
teen days. Following administration of 6 g. 
of 5-methyl uracil for twelve days, the red 
cell count increased from 2.01 to 2.88 million 
cells per cubic millimeter twenty-two days 
after treatment had been started. Cor- 
responding increases in hemoglobin were 
noted. Failure to demonstrate complete 
hematologic remission could be explained by 
the comparatively short periods of therapy 
but demonstration of a complete remission 
as a result of therapy with thymine would be 
desirable. 

It is too soon to judge what relationship 
may exist between folic acid and 5-methyl 
uracil. The investigators suggest that folic 
acid may act as an enzyme or as a coenzyme 
in the synthesis of 5-methy! uracil or of sub- 
stances which act similarly. 

Further observations on the effects of folic 
acid are reported by H. E. Wilson, 8. Saslaw, 
and C. A. Doan (J. Lab. Clin. Med. 31, 631 
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(1946)). The earlier studies of these inves- 
tigators have been discussed (Nutrition Re- 
views 4, 102 (1946)). In this later com- 
munication they describe the results of 
studies on 5 monkeys given vitamin B defi- 
cient basic diets supplemented in four of the 
five instances by all of the known B-vitamin 
fractions except L. casei factor. 

Three of the 5 animals were treated with a 
yeast autolysate containing L. casei factor 
and showed clinical remission and some re- 
establishment of a normal hematopoietic 
equilibrium after the usual manifestations of 
the deficiency state, namely, loss of appetite, 
diarrhea, loss of weight, and varying degrees 
of reduction in white cell count, platelets, 
and red cells. Two of the animals were 
treated with purified crystalline L. casei 
factor from liver and showed clinical and 
panhematopoietic remissions after adenylic 
acid had failed to evoke more than a very 
transitory, noncumulative, or sustained in- 
crease in the number of leucocytes. The 
reported observations reveal, however, how 
difficult it is, at the present time, to obtain 
effects in experimental animals comparable 
with and as consistent as one sees in patients 
with macrocytic nutritional anemia. In the 
monkeys the variations in the three elements 
of the blood which followed the administra- 
tion of folic acid differed in degree, and the 
effects were by no means as clearcut as has 
been described in patients with pernicious 
anemia receiving L. casei factor. As one 
examines these data and considers those 
which have been presented concerning other 
experimental animals, it is clear that the 
critical deficiency threshold in various 
species and in any given animal at any given 
time appears to differ for red blood cells, 
granulocytes, lymphocytes, and blood plate- 
lets. 


CORN AND THE ETIOLOGY OF PELLAGRA 


The subject of corn in the etiology of 
pellagra has been discussed in this journal 


(Nutrition Reviews 3, 267 (1945)). Older 
evidence that corn may contain some 
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positive agent in producing pellagra was 
supported by the newer experiments of 
W.A. Krehl, L. J. Teply, and C. A. Elvehjem 
(Science 101, 283 (1945)) in which growth 
inhibition was produced by feeding corn to 
rats, a species which does not suffer from 
pellagra on a niacin free diet. Of particular 
significance was the fact that tryptophane 
(as well as niacin) could reverse this effect 
of corn. It was postulated that corn in 
the diet provided an unfavorable medium 
for intestinal organisms to synthesize niacin, 
and that tryptophane promoted the growth 
of these organisms. The role of trypto- 
phane, at least in this indirect manner, was 
thus emphasized. Corn protein is low in 
tryptophane. 

W. A. Krehl, P. S. Sarma, and C. A. 
Elvehjem (J. Biol. Chem. 162, 403 (1946)) 
have extended our knowledge of this subject 
by further experiments. Other proteins 
were used in place of casein and were found 
to give strikingly dissimilar results. Basal 
rations containing either 10 or 15 per cent 
of the protein under observation, together 
with sucrose, corn oil, salts, cystine, and a 
vitamin supplement free of niacin were 
prepared. To observe the effect of corn 
with each basal diet, a final ration was 
prepared by mixing 60 parts by weight of 
the basal ration with 40 parts by weight 
of corn grits. 

When egg albumin, fibrin, or soybean 
globulin were used as the protein of the 
basal diet, either at the 15 per cent or at 
the 10 per cent level, the addition of corn 
grits did not cause any growth inhibition at 
all, and the further addition of niacin did 
not cause any significant increase in growth. 
Since it had already been shown that the 
addition of 0.5 per cent of lysine, arginine, 
glycine, or methionine were ineffective in 
promoting growth in the corn-containing 
diets when casein was the protein of the 
basal ration, in contrast to the positive 
effect of tryptophane, it was concluded that 
these results could all be satisfactorily 
explained by the higher tryptophane content 
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of fibrin, egg albumin, or soybean globulin 
as compared with casein. 

A somewhat different explanation of the 
tryptophane-niacin relationship appears to 
be called for by other studies. 8. A. Singal, 
A. P. Briggs, V. P. Sydenstricker, and J. 
Littlejohn (Federation Proceedings 5, 154 
(1946)) and F. Rosen, J. W. Huff, and 
W. A. Perlzweig (J. Biol. Chem. 163, 343 
(1946)) have reported experiments . which 
indicate that tryptophane may be the 
important precursor of niacin synthesis in 
the rat. The former workers noted that 
addition of tryptophane to a diet of corn 
grits caused an increased excretion of niacin 
in rats. The latter workers demonstrated 
large increases in the excretion of both free 
and methylated niacin in the rat upon 
addition of tryptophane to a casein or 
gelatin basal diet. In these diets niacin 
was omitted, but adequate amounts of 
choline, cystine, and the other B-vitamins 
were included. Both niacin (including der- 
ivatives hydrolyzable with 6 N. hydrochloric 
acid) and N’-methylnicotinamide excretion 
were measured. 

Five adult rats were maintained for ten 
days on the 15 per cent casein diet and the 
excretions measured. A change to the 
15 per cent gelatin diet led to a considerable 
drop in the niacin (free and total) excretion. 
The addition of 50 mg. of tryptophane, 
either I- or dl-, orally or subcutaneously, 
produced great increases in niacin excretion, 
five to ten times the level excreted even on 
the basal casein diet. 
much larger than observed in earlier studies 
with other amino acids. 


These increases were 


The increase in 
niacin synthesis appeared so great that a 
large portion was excreted as such rather 
than in a methylated form. The identity 
of the niacin was confirmed by assays with 
L. arabinosus. That the effect of trypto- 
phane was not principally on synthesis of 
niacin by intestinal bacteria was indicated 
by the relative the fecal 
excretion of niacin derivatives even after 
tryptophane administration. 
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D. W. Woolley (J. Biol. Chem. 162, 179 
(1946)) has suggested an alternative explana- 
tion for the so-called “pellagragenic”’ action 
of corn, namely that corn may contain a 
structural analogue which competes with 
niacin in its metabolic functions. This 
same author had shown previously that the 
analogue 3-acetylpyridine produced a disease 
in mice similar to human pellagra and 
canine blacktongue (Ibid. 157, 455 (1944)). 
The suggestion for a similar action of corn 
comes from the finding that tryptophane, 
as well as niacin, can prevent entirely the 
effect of 3-acetylpyridine. Experimentally, 
4 mg. of acetylpyridine daily caused the 
death of 11 of 12 mice on a simplified niacin 
free diet in ten days, while controls gained 
4 g. per week. In groups receiving acetyl- 
pyridine and tryptophane, there was only 
one death in each group. Growth was even 
better than in the controls and no pellagra- 
like manifestations occurred. The trypto- 
phane effect was evident when as little as 
0.1 per cent of dl-tryptophane was added 
to the diet. 

In support of this thesis, D. W. Woolley 
(J. Biol. Chem. 163, 773 (1946)) has now 
reported the extraction and concentration 
of a “‘pellagragenic’”’ agent from corn. In 
the mice used in these experiments, addition 
of corn to the basal diet did not cause the 
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poor growth observed in rats, but an alkaline 
chloroform extract of corn caused a marked 
decrease. Many of the animals developed 
diarrhea and a reddening of the skin and 
tongue, and these effects, as well as the 
growth retardation, were prevented or 
cured by the addition of nicotinamide 
(0.2 per cent) to the rations. The agent 
responsible for the effect was extractable 
from chloroform by dilute sulfuric acid, and 
by appropriate solvent extractions appears 
to have been concentrated one hundred 
thousand fold. In such a state of purity 
its maximum effect was obtained at a level 
of 1 mg. per 100 g. of ration, but the chemical 
constitution of the compound has not yet 
been elucidated. 

The long postulated “toxic” theory of 
pellagra therefore gains some basis in fact, 
and appears to be an instance of anti- 
metabolite action. Although tryptophane 
might act directly as an antagonist of the 
pellagragenic factor of corn, it appears more 
likely that its favorable action is as a 
precursor of nicotinamide. The high inci- 
dence of pellagra among “corn eaters” 
appears to be due therefore to the relatively 
low content of niacin in corn, a lack of the 
precursor tryptophane in corn protein, and 
to the special occurrence of a niacin anti- 
metabolite in this grain. 


COBALT METABOLISM IN THE ALBINO RAT 


Cobalt has been considered to be an 
essential nutrient for cattle since the 
demonstration that minute amounts of 
cobalt salts relieved a progressive emaciation 
and anemia observed in the range cattle 
of Western and Southern Australia, as 
well as in New Zealand, Western Canada, 
Wisconsin, Michigan, New Hampshire, and 
Massachusetts. E. J. Underwood and C. 
A. Elvehjem (/. Biol. Chem. 124, 419 
(1938)) were unable to demonstrate a 
cobalt deficiency in rats fed a whole milk 


diet which provided only 0.6 microgram 
of cobalt per rat per day. 

A. E. H. Houk, A. W. Thomas, and H. C. 
Sherman (J. Nutrition 31, 609 (1946)) 
have produced a dry diet which has an 
extremely low cobalt content as well as 
a low iron and copper content but which 
allows a fair rate of growth and hemoglobin 
concentration when adequately supple- 
mented with these minerals. The per- 
centage composition of this diet was: 
whole cow’s milk powder 48.5, washed 
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sucrose 48.5, washed Celluration (mixture 
of 70 per cent alpha cellulose, approximately 
29 per cent simple celluloses and hydro- 
celluloses, and a total ash of less than 1 
per cent) 2.0, chemically pure sodium 
chloride 1.0, and thiamine hydrochloride 
0.00034. The diet contained 13 per cent 
protein, 0.46 per cent calcium, a calcium- 
phosphorus ratio of 1.3, and a caloric value 
of 4.4 calories per gram. The iron, copper, 
and cobalt contents of the diet were 2.4, 
0.67, and 0.003 parts per million, respec- 
tively. Albino rats were placed on the 
experimental regimens at 31 to 33 days of 
age. Various groups were given the basal 
ration, and the basal ration supplemented 
with iron and copper, iron and cobalt, and 
iron, copper, and cobalt. The metal content 
of the fresh carcass was determined at the 
beginning of the experiment and then at 
thirty and sixty days similar determinations 
were made on equal numbers of rats from 
the experimental groups. 

The iron and copper of the basal diet 
were relatively poorly utilized by the rat. 
When the copper content of the diet was 
increased from 0.67 to 5.5 p.p.m., the iron 
retention increased from 31 to 35 per cent 
up to 66 to 73 per cent. When the iron 
content was increased from 2.4 to 3.4 or 
to 4.2 p.p.m., there was no significant effect 
on the copper retention which remained in 


slight negative balance, except in the 
groups in which copper was_ also 
administered. 


Cobalt retention on the low cobalt diets 
was 30 to 42 per cent, while retention on 
the diets with cobalt added to increase the 
level to 0.08 p.p.m. was only 3.3 to 4.9 per 
cent. The rats maintained on low iron 
and copper regimens had a low food intake 
and a reduced growth rate and hemoglobin 
concentration. However those rats fed 
the low cobalt regimen with adequate iron 
and copper did not have a lower growth 
rate or hemoglobin concentration than the 
rats which received cobalt, iron, and copper 
supplements. Therefore it was concluded 
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that these studies gave no evidence that 
cobalt was essential for adequate nutrition 
of the rat. From food consumption records, 
the investigators calculated that the average 
cobalt intake of the rats fed the low cobalt 
diet was about 0.03 microgram per rat 
per day, or about 0.7 microgram per 1000 
calories. 

The rate of growth of the rats on the 
basal diet supplemented with iron, copper, 
and cobalt averaged from 10 to 12 g. per 
week for females and from 12 to 14 g. per 
week for males. The hemoglobin levels 
for the rats receiving copper and cobalt 
and the highest iron supplement were 
9.42 g. per 100 ml. for males and 10.68 g. 
per 100 ml. for females. Both of these 
values are below the normal range for rats 
of this age. The manganese content of 
this basal ration is probably low and in 
future studies of this kind it would be 
valuable to determine the effect of a man- 
ganese supplement. Since this basal diet 
is composed of such readily obtainable and 
demineralized components, it is of con- 
siderable importance to know the full 
extent of its mineral deficiencies so that 
adequate supplements of all but 
under investigation may be given. 

In this study the rats were not placed 
on experiment until they weighed from 49 
to 55 g. at 31 to 33 days of age. Until 
this time they had had access to the stock 
diet which contained about 0.08 p.p.m. of 
cobalt. At the beginning of the experiment 
the fresh carcasses of these rats were 
found to contain 0.002 p.p.m. of cobalt. 
On the low cobalt diet the carcasses con- 
tained 0.007 and 0.005 p.p.m. of cobalt 
at 30 and 60 days, respectively. On the 
high cobalt diet the fresh carcass contained 
0.014 p.p.m. at 60 days. Since cobalt 
requirements are extremely low, if required 
at all by the white rat, a lower body reserve 
might have been possible if the rats had 
been weaned much younger and if prior to 
weaning the ration offered to the lactating 
mothers and incidentally to the suckling 
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young had been one of lower cobalt 
content. 

The difficulties occasioned by the small 
amounts of cobalt involved in animal 
experiments led C. L. Comar and co-workers 
(J. Nutrition 32, 61 (1946)) to use radio- 
active cobalt in the study of the cobalt 
metabolism of cattle. When 174 micro- 
grams of radioactive cobalt as cobalt 
chloride were injected into the jugular vein 
of a cow with rumen fistula, only about 6 
per cent of the dose could be detected in 
the blood after five minutes, the value 
falling to 1 per cent or less after ten or 
fifteen days. None of the injected cobalt 
was found in the rumen contents, about 
7 per cent was eliminated in the feces, 
and about 65 per cent in the urine. Very 
small amounts were detected in the milk 
and saliva. In another experiment 174 
micrograms of radioactive cobalt were 
introduced into the rumen by capsule. 
No radioactive cobalt could be detected 
in the blood and after three and three 
quarters hours about 82 per cent of the 
labeled cobalt was still present in the 
rumen. After one hundred and sixty-eight 
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hours, less than 0.5 per cent of the original 
dose was present in the rumen contents. 
Within forty-eight hours about 65 per 
cent of the labeled cobalt was accounted 
for in the feces. 

Similar injection and oral administrations 
of radioactive cobalt were performed on 
cattle raised in an area of Florida considered 
deficient in some of the essential mineral 
nutrients, and then maintained on a diet 
containing less than 0.01 p.p.m. cobalt for 
the six months previous to the experiments. 
These animals exhibited weakness, emacia- 
tion, and rough hair coats and presumably 
were in a state of cobalt deficiency. About 
3 to 4 per cent of the injected cobalt was 
present in the blood after twenty-four 
hours and only 1 per cent or less after two 
hundred and sixty-four hours. None of 
the orally administered cobalt was found 
in the blood. Thus the results were 
similar regardless of the cobalt status of the 
animals at the time of the experiment. 
Both these series of experiments indicated 
that the cobalt requirement of the ruminant 
must be extremely low if the retention 
observed can be considered a criterion. 


PERNICiOUS ANEMIA AND SIMILAR SYNDROMES IN CHILDHOOD 
AND INFANCY 


Pernicious anemia is usually considered 
to be a disease of late adult life and proved 
cases occurring in children are rare indeed. 
A detailed case report and critical review 
of pernicious anemia in childhood has 
appeared (J. C. Peterson and 8. C. Dunn, 
Am. J. Dis. Child. 71, 252 (1946)). These 
workers from Vanderbilt University note 
that there has arisen a concept that a 
“pernicious-like anemia in childhood” occurs 
in which the achlorhydria is but relative 
or transitory and in which a short course 
of therapy with liver extract or blood 
transfusions may be followed by complete 
permanent remission. They recommend 
that the term ‘‘pernicious anemia in child- 


hood” be restricted to those cases which 
would meet the diagnostic criteria for 
pernicious anemia in adults. These criteria 
are enumerated as: (1) macrocytic anemia; 
(2) histamine resistant achlorhydria; (3) 
bone marrow showing evidence of megalo- 
blastic arrest; (4) hematologic response 
following therapy with liver extract; (5) 
necessity of continuous therapy to maintain 
a continuous remission. ‘These investigators 
concluded that but 2 previously reported 
cases of pernicious anemia in childhood 
had fulfille’ these criteria. One of these 


had occurred in a 13 month old girl (J. 
Dedichen, Acta med. scandinav. 111, 90 
(1942)) and the other in a girl of 14 years 
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(C. Pohl, Monatschr. f. Kinderh. 84, 192 
(1940)). 

The case reported by Peterson and Dunn 
(loc. cit.) was first observed at the age of 
13 months when bacillary dysentery and 
severe hypochromic anemia were present. 
A histamine refractory achlorhydria was 
confirmed on two examinations. A tendency 
to become anemic persisted despite blood 
transfusions and therapy with iron. This 
tendency was prevented by administra- 
tion of liver extract, which therapy was 
discontinued upon discharge of the patient 
from the hospital. Fourteen months later 
the patient was readmitted, the anemia 
having reappeared. At this time the color 
index was 1.5. Administration of iron 
was without benefit but treatment with 
liver extract was followed by a prompt 
reticulocytosis. Two additional relapses 
were similarly terminated by a therapy 
with liver extract. The patient had per- 
sistent achlorhydria on repeated examina- 
tions, and in relapse megaloblastic arrest 
of the marrow was observed and, at one 
period, a macrocytosis. This case appears 
to fulfill the criteria for pernicious anemia. 

It is worthy of comment that on the 
first admission the patient did not have 
macrocytic anemia. On one occasion a 
greater-than-normal absorption of radio- 
active iron was demonstrated, indicating 
an iron deficiency. Most of the reports 
of anemia in childhood and infancy ac- 
companied by megaloblastic bone marrow 
comment on the inconstant macrocytosis. 
It seems logical to attribute this finding to 
a concomitant iron, deficiency due to the 
greater iron requirpment of the growing 
child and to the more labile state of the 
hematopoietic system in children. 

For many years there has been recognized 
a macrocytic anemia which occurs in infants 
and children and which resembles pernicious 
anemia in the blood picture and bone 
marrow findings as well as in the specific 
response to therapy with liver. The 
achlorhydria, however, may be temporary 
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(J. M. Adams and I. McQuarrie, J. Pedi- 
atrics 12, 176 (1938)), and clinical relapse 
does not follow interruption of therapy. 
This type of anemia is often listed with the 
nutritional anemias (M. M. Wintrobe, 
“Clinical Hematology,” p. 449, Philadelphia 
(1942)), and is associated frequently with 
infections (K. D. Blackfan and L. K. 
Diamond, ‘“‘Atlas of the Blood in Children,”’ 
pp. 88-42, The Commonwealth Fund, New 
York (1944)). This anemia responds to 
the administration of the usual concen- 
trates of the antipernicious anemia principle 
from liver. 

More recently there has been differ- 
entiated a group of “refractory anemias’’ 
which may present pictures similar to 
that of pernicious anemia, i.e. macrocytosis, 
a megaloblastic marrow, achlorhydria, and 
glossitis, but which fail to respond to 
certain of the highly purified antipernicious 
anemia concentrates. These cases respond 
to treatment with a papain digest of whole 
liver suitable for oral administration (‘‘pro- 
teolized liver’) (L. J. Davis and L. 38. P. 
Davidson, Quart. J. Med. 13, 53 (1944)). 
The suggestion is made that this ‘‘pro- 
teolized liver” contains some hematopoietic 
maturation factor in addition to the anti- 
anemic substance present in fractionated 
liver extracts. One of these workers (L. 
J. Davis, Arch. Dis. Childhood 19,147 (1944)) 
has reported 2 cases of ‘“‘refractory anemia’”’ 
with megaloblastic marrow which occurred 
in children. It is obvious that both of 
these types of macrocytic anemia in children 
could be confused with pernicious anemia. 

Twenty-five additional cases of macro- 
cytic anemia in infants have now been 
described in considerable detail by W. W. 
Zuelzer and F. N. Ogden (Am. J. Dis. 
Child. 71, 211 (1946)), who term the 
syndrome ‘“megaloblastic anemia in in- 
fancy.” Eight of the cases in this series 
were treated with synthetic pteroylglutamic 
acid (PGA) and 6 of them responded to this 
therapy. 

Zuelzer and Ogden have characterized this 
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clinical syndrome as a dyplasia of the mar- 
row which responds characteristically to a 
hematopoietic factor in liver extract or to 
synthetic pteroylglutamic acid (PGA). 
There are no characteristic findings other 
than the symptoms of anemia. Over half 
of the patients were in poor nutritional state; 
19 of the 25 patients had fever; petechiae 
were present in 5; 6 of the patierits had 
scurvy; 10 of the children had diarrhea. 
The anemia was severe, the red cell count 
usually being less than 2 million per cubic 
millimeter. The red cells were ‘“normo- 
chromic-macrocytic in type,’ however, only 
50 per cent of the cases presenting mean cor- 
puscular volumes exceeding 100 cu. micra, 
and some being as low as 72 and 76 cu. micra. 
The bone marrow examination revealed a 
megaloblastic arrest similar to that seen in 
pernicious anemia. The authors describe 
the marrow in great detail and present ex- 
cellent illustrations of the cells of the marrow. 

Of the 25 patients observed by Zuelzer and 
Ogden, one experienced a spontaneous re- 
mission, 8 were treated with amounts of 
PGA varying from 4 mg. to 100 mg. daily, 
11 were treated with liver extracts, and 5 
were treated with transfusions alone. Al- 
most all of the patients received general sup- 
portive measures, dietary supplements of 
ascorbic acid and vitamin D, sulfadiazine or 
penicillin, and transfusions. Three of the 8 
infants given PGA died, while the remainder 
showed reticulocytosis following this therapy 
and hematologic and clinical remissions. In 
the group receiving liver extract, 4 of the 11 
infants died, and the remainder exhibited 
remissions indistinguishable from that which 
followed treatment with PGA. Two of the 
5 infants treated with transfusions only, died 
(one within a few hours), the remaining 3 
improved clinically and hematologically. 
Only one of this latter group exhibited a 
significant reticulocytosis, however. The 
authors emphasize that the shift from the 
megaloblastic type of marrow following ther- 
apy is a more reliable criterion of efficacy 
than is the peripheral blood picture. 
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This finding of the effectiveness of PGA in 
this disease in infants, if confirmed, adds 
another anemia with megaloblastic arrest of 
the marrow to the list which responds to this 
agent. From the definition of the cases 
given by Zuelzer and Ogden (loc. cit.) it is 
obvious that there are at least two other syn- 
dromes of macrocytic anemia in childhood 
(true pernicious anemia and the ‘refractory 
anemia” described by Davis and Davidson) 
the response of which has not yet been tested 
with this newest vitamin. 

Analysis of this series of 25 cases with the 
object of elucidating the etiology of ‘‘meg- 
aloblastic anemia of infancy”’ does not per- 
mit a definite conclusion. The patients were 
white infants 2 to 16 months of age; only 4 
had been born prematurely; 24 of the pa- 
tients were from families of average or better 
socioeconomic status, and none of them had 
been neglected; the development of the ane- 
mia was not limited to the offspring of ane- 
mic mothers; only one of the children had 
been fed goat’s milk; about half of the 
children were judged to have had satisfac- 
tory diets; no absorptive defects were demon- 
strated. Two findings are suggestive of pos- 
sible causal relationships: (1) a histamine 
refractory achlorhydria existed in 9 of the 10 
subjects investigated, and (2) almost all of 
the patients had infections, 21 of them ex- 
hibiting cough and coryza of considerable 
duration. Both Blackfan and Diamond 
(loc. cit.) and Peterson and Dunn (loc. cit.) 
remark on the frequent association of achlor- 
hydria, infections, and macrocytic anemias 
in infancy and childhood. Because of these 
relationships it is worthy of mention that the 
mortality and rate of hemoglobin recovery 
were about the same in those infants who 
received specific antianemic therapy and 
those who received only general supportive 
measures. The further elaboration of the 
etiology of this anemia will be awaited with 
interest by nutrition workers and pediatri- 

cians alike. 
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PHYSIOLOGIC PERFORMANCE AND DIET IN COLD ENVIRONMENTS 


The relation between dietary requirements 
and temperature, and the effect of these 
on physiologic behavior, have received con- 
siderable study and speculation, particularly 
during the war years when American troops 
were subjected to environments different 
from those to which they had been accus- 
tomed. Although most of the special 
studies have been made under tropical con- 
ditions (Nutrition Reviews 2, 219 (1944)), a 
series of three articles by workers at the 
University of Illinois deals carefully and at 
length with the tolerance to a cold environ- 
ment as affected by dietary modifications. 

In the first paper, R. W. Keeton et al. (Am. 
J. Physiol. 146, 66 (1946)) recorded the ef- 
fects upon cold tolerance of proteins versus 
carbohydrates, and the value of protective 
clothing. The subjects were 12 healthy 
young men, whose physical characteristics 
were similar. Six of the men received a 
high protein diet for five and one-half months 
and 6 received a high carbohydrate diet over 
the same period. Food intakes were ad- 
justed to maintain approximately constant 
body weight. Vitamin supplies were main- 
tained at adequate levels. Meals were 
served four times daily, as follows: “‘A,’’ 40 
per cent of the calories, one hour after 
arising; ““B,” 20 per cent, four and one-half 
hours later, or midway through an eight 
hour cold exposure period; “C,’’ 30 per cent, 
five hours later, or one hour after the termina- 
tion of exposure; ““D,”’ 10 per cent, three and 
one-half hours later before retiring. Arctic 
“G.I.” clothing was worn in the cold ex- 
posure tests, which were carried out at 
— 20°F. 

The tolerance of the men to cold was 
measured by the following tests: rectal and 
skin temperatures, manual steadiness (static 
and in motion), muscular coordination time, 
speed of tapping, visual choice reaction time, 
and the critical fusion frequency of flicker. 

The results of all the tests indicated a 
marked superiority lof carbohydrate over 


protein in enabling the subjects to withstand 
cold. Thus, although the temperature of 
the skin and internal tissues (rectum) de- 
creased from 0.8 to 5.8°C. during the ex- 
posure period, the decrement was consider- 
ably less on the carbohydrate diet particu- 
larly when light clothing was worn (no 
hooded parka or innerliner in jacket). With 
light clothing the differences in the decre- 
ments were 1.56° in the mean skin tempera- 
ture and 0.58° in the rectal temperature. 
With full clothing, the differences were re- 
duced to 1.30° and 0.31°, respectively. The 
significance of the latter differences was less 
marked, so that the authors felt justified in 
concluding that the diet effects were ob- 
scured with full clothing. However they 
pointed out that this was probably due 
merely to the delay of an equivalent amount 
of exposure. The ability of high carbohy- 
drate meals to retard surface cooling was 
especially evident in an extremity such as 
the ankle, where the skin temperature was 
5.8° higher than among the subjects on the 
high protein diet. 

Performances in the various psychomotor 
tests deteriorated with repetition, especially 
when the subjects were lightly clothed. Ad- 
ditional clothing retarded the onset of the 
adverse effects, but only among the subjects 
on the high carbohydrate diet, so that the 
decrement in general psychomotor perfor- 
mance in the latter group was 14.7 per cent 
compared with 36.0 per cent on the high pro- 
tein diet. This combined beneficial effect 
was thought to be due to the essential role of 
carbohydrates as fuel for the brain. 

In explaining these results, it should be 
pointed out that the quantity of food eaten 
was greater among the high carbohydrate 
subjects; the intake necessary to maintain 
body weight was 191 per cent of their basal 
energy expenditures, whereas the high pro- 
tein group required only 162 per cent of their 
basal expenditures. This increased expendi- 
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ture of energy is probably related to in- 
creased heat production. 

The second paper deals with the relative 
effectiveness of carbohydrates versus fats in 
increasing tolerance to cold, and the effect of 
frequency of meals, as observed over an eight 
week period (H. H. Mitchell et al., Am. J. 
Physiol. 146, 84 (1946)). The general plan 
and technics were essentially the same as 
those described above. Somewhat more in- 
formation regarding the diets was given in 
this paper; all subjects received 823 calories 
per square meter of body surface, divided 
into 20.6 per cent protein, 33.8 per cent car- 
bohydrate, and 45.6 per cent fat. This pro- 
vided the recommended allowance of protein 
and minimum amounts of carb shydrate and 
fat considered practicable for addition to the 
high fat and high carbohydrate diets. Addi- 
tional caloric requirements were met by feed- 
ing sugar, candy, jelly, and sweet beverages 
to one group, and butter and 40 per cent 
cream to the other. Mineral and vitamin 
contents were determined, and raised where 
necessary to conform to recommended al- 
lowances. 

Whereas the high protein diet used pre- 
viously had induced the excretion of large 
amounts of creatinine in the urine, the high 
fat diet was noted to cause mild ketonuria. 
No evidence of damage to the kidney, or of 
hemolysis in blood samples, respectively, 
was noted during the course of the experi- 
ments. 

Ten subjects were employed in this study; 
4 of the 5 on the carbohydrate diet were 
transferred from the previously used high 
protein diet. It was of interest, therefore, 
to note that their energy requirements rose 
to a figure of 188 per cent of the basal energy 
expenditure. The high fat group consumed 
200 per cent of the basal figure. The dif- 
ference was not considered significant. 

In eight hour tests with one intervening 
meal, the average decrement in rectal tem- 
perature was 1.26°C. on the high carbohy- 
drate diet and 1.00°C. on the high fat diet. 
These slight differences were greatly en- 
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larged, however, when the interval between 
meals was reduced to two hours: the decre- 
ment was 1.25°C. compared with 0.57°C. on 
the high fat diet. Skin temperatures, on the 
other hand, decreased at approximately the 
same rate on both diets. 

The superiority of the fat over carbohy- 
drate also extended to the psychomotor and 
visual performances, when the periods be- 
tween meals were long. This was especially 
true of the speed of tapping. However, it 
was found that shortening the meal intervals 
to two hours improved all performances and 
overcame all diet effects. This is in con- 
trast to the rectal temperature differences 
where only the fat diet produced a favor- 
able effect when the number of meals was 
increased. No explanation was offered for 
the psychomotor effects other than possible 
psychologic factors, but the protection 
against cooling was thought to be produced 
by the insulating effect of recently ingested 
fats which were laid down subdermally and 
removed gradually to other parts of the 
body. 

The final paper deals with the effect of 
vitamin intake upon cold tolerance (N. 
Glickman, R. W. Keeton, H. H. Mitchell, 
and M. K. Fahnestock, Am. /. Physiol. 
146, 538 (1946)). The basal diet used was 
considered adequate with respect to all nu- 
trients except thiamine, riboflavin, niacin, 
and ascorbic acid. These four vitamins were 
present at levels below those recommended 
by the National Research Council, namely: 
1.22 mg. of thiamine, 1.77 mg. of riboflavin, 
8.5 mg. of niacin (plus an estimated 2 to 3 
mg. from coffee and tea), and 33 mg. of as- 
corbic acid, respectively, per 3000 calories. 
Supplements of these vitamins were given by 
capsule in experimental diets, in amounts 
six to ten times those present in the basal 
diet. Other B-vitamins were likewise given 
in large amounts. 

The subjects were rotated on the different 
diets, as well as in the different environments 
(—20°F., 60°F., and 77°F.). Placebos were 
fed when vitamin supplementation was not 
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being administered. The temperature and 
psychomotor tests were employed as before, 
and in addition a number of perceptual and 
intellective tests were included to determine 
morale, irritability, and general psychologic 
state. Work periods (stair-climbing) were 
interspersed with periods of inactivity. 
The large amount of data obtained 
presents an over-all picture of ineffectiveness 
of extra doses of the four vitamins studied. 
This was evidenced in the skin and rectal 
temperature tests, and the morale, ir- 
ritability, intellective, and perceptual tests. 
Two exceptions were found: the fatigue pro- 
duced during tapping was significantly less 
on the vitamin supplemented diet, as was the 
fatigue of the retinocortical system. How- 
ever, the basal diet was considered to be 
marginal or low in ascorbic acid and thia- 
mine, judging from urinary excretion values, 
although glucose and pyruvic acid assays in 
blood indicated no biochemical injury due to 
thiamine. Because of this it would seem 
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likely that the beneficial effects of vitamin 
supplementation may be due to the remedy- 
ing of mild deficiencies rather than protec- 
tion by means of a large excess of the 
vitamins in the body fluids and tissues. 
Further evidence on this point would be 
desirable, as well as a more complete descrip- 
tion of the makeup of the diets. If psy- 
chologic effects are at all responsible, as the 
authors suggest, these might be influenced 
by monotony of certain foodstuffs. 

The many data obtained by these workers 
have been subjected to statistical analysis, 
and the results point to the superiority of 
carbohydrates, and especially fats, over pro- 
teins in enabling human beings to withstand 
cold. Moreover, the observed superiority of 
carbohydrates over proteins in the diet of 
high altitude fliers, perhaps partly due to 
delayed anoxia (C. G. King ei al., J. Avi- 
ation Med. 16,69 (1945); D. M. Green, J.8. 
Butts, and H. F. Mulholland, Jbid. 16, 3/1 
(1945)), again recommends the use of these 
foods. 


MENTAL RESPONSE TO THIAMINE SUPPLEMENTS 


Critical methods for determining the exis- 
tence of mild nutritional deficiencies in hu- 
man populations are being sought constantly 
by nutritionists. Far more people may be 
expected to have borderline deficiencies than 
clinical signs and symptoms of deficiencies. 
At present there is practically no way of 
determining accurately the existence of such 
borderline deficiencies nor of evaluating the 
detrimental effect that such a deficiency has 
upon the individual. 

R. F. Harrell has carried out experiments 
in which mental and physical tasks were 
used as methods of measuring the response 
to thiamine supplements. The subjects 
were children in a Virginia orphanage. 
Their diet was high in cereals an@ low in 
meat but was liberally supplemented with 
dairy products. Dietary calculation on two 
occasions indicated that each child received 


daily somewhat less than 1 mg. of thiamine. 

In the first experiment carried on for six 
weeks (“‘Effect of Added Thiamine on Learn- 
ing,” Teachers College, Columbia University 
(1943)) the children were assigned to two 
groups, one of which received 2 mg. of thia- 
mine per child daily while the other received 
placebos. The gains in performance made 
by the supplemented group were 7 to 87 
per cent greater than those made by the 
placebo group. The most pronounced 
difference was in the dynamometer per- 
formance in which the left hand score of 
the supplemented group increased from 22.90 
to 28.65 while the scores of the unsupple- 
mented group changed from 23.25 to 26.33; 
the ratio of the two differences is 5.75/3.08 
= 1.87, a very high value which may be mis- 
leading because of the small size of both dif- 
ferences. For five of the eighteen tasks, 
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the difference in performance was statis- 
tically significant on the 5 per cent level, 
for two tasks on the 1 per cent level. There 
was some difference in the two groups origin- 
ally with the supplemented group showing 
an average initial superiority of 3.57 per 
cent. It is possible that the differences ap- 
pearing at the end of this experiment were in 
part reflections of these original variations. 
This publication includes three large tables 
of original data on tests which the author 
considered nonsignificant from the point of 
view of thiamine supplementation, but noth- 
ing similar is given for the material con- 
sidered to be significantly discriminating be- 
tween the experimental and the placebo 
group. 

A two year experiment was carried out 
subsequently using a practically new battery 
of tests (R. F. Harrell, J. Nutrition 31, 283 
(1946)). At the start of this experiment, 
the pairing of the subjects was changed but 
no indication is given as to the differences 
existing between the two groups at that time. 
Visual acuity, memory, general intelligence, 
educational achievement, reaction time, 
weight, and height were measured. The 
thiamine supplemented group reportedly 
made much larger gains in all tests than the 
placebo group. The mean gains of the sup- 
plemented group as per cent of the gain of 
the placebo group, for visual acuity as mea- 
sured by the telebinocular test were: 119 
(right eye), 207 (left eye), 187 (both eyes); 
by the Snellen test: 321 (left eye), 3200 
(right eye). The magnitude of these 
changes makes the use of percentages in this 
manner questionable. 

During the second year of the experiment 
slight changes were made in the program of 
the tests and one half of the children were 
reversed so far as thiamine supplementation 
was concerned. Of the fifteen performance 
criteria used, seven showed no reversal after 
the thiamine supplements were changed. 
This included visual acuity (left eye, tele- 
binocular test), intelligence educational 
achievement, reaction time, height, and 
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weight. In all of these tests the placebo 
group did better than the thiamine group 
during the second year. 

Of those tests which according to the 
author showed a “crossing over’’ following 
the reversal of the vitamin supplements, the 
two tests for visual acuity provide entirely 
different results. The Snellen test for visual 
acuity showed no important change in this 
function throughout the year, which is what 
one would expect since this function is gen- 
erally stable in the age group studied. There 
is no indication as to how the Snellen test 
was scored; at present there is no standard 
scoring procedure for this test. The maxi- 
mum change reported was 3 per cent which 
may well be within the limits of error of this 
method. The other test of visual acuity 
showed in the thiamine supplemented group 
a marked improvement in visual acuity of the 
right eye and deterioration of the left eye 
compared with the placebo group. 

Four of the five remaining tests used by 
Harrell as evidence for the reversal of scores 
show such pronounced changes over the ex- 
perimental period that it is doubtful whether 
any of the final differences between the two 
groups are significant. For instance, in 
“‘Work-number pairs,” the scores decreased 
from 100 to 7.4 for one group and from 100 
to 13.7 for the other. Until further data, 
including more complete descriptions of the 
tests and methods of scoring are forthcoming, 
it may be questioned whether the final dif- 
ference of 6.3 between the two groups has 
any significance. 

When the over-all results of the reversal 
of thiamine are considered, it becomes ap- 
parent that: (1) In those tests which accord- 
ing to the author showed no “reversed super- 
iority of gain,” the thiamine supplemented 
group actually improved considerably less 
than the placebo group. For example, re- 
garding weight, the placebo group was 4.5 
per cent better than the supplemented group, 
while in the educational achievement test, 
the gain of the placebo was 6.4 per cent over 
that of the thiamine group. (2) Of the total 
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of fifteen functions reported, the thiamine 
supplementation was related to a relative 
superiority in eight functions and a relative 
inferiority in seven. The average percent- 
age difference for all tests weighted equally, 
favored the supplemented group by 1.04 
per cent. The biologic as well as the statis- 
tical significance of this difference is highly 
questionable. (3) As the experiments pro- 
gressed emphasis on pure intellective func- 
tions decreased and other functions, such as 
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vision, were brought into the realm of those 
functions influenced by thiamine. 

It may be premature at this time to con- 
clude that the addition of extra thiamine to 
a diet such as that used in the orphanage 
where these tests were made has no influence 
on mental functions, but it appears equally 
unjustifiable to imply on the basis of the 
available data that the extra thiamine will 
produce significant improvements in mental 
functions and in visual acuity. 


RENAL AND HEPATIC PATHOLOGY IN CHOLINE DEFICIENCY 


Previous reviews have described the his- 
topathology of renal lesions in choline de- 
ficient rats (Nutrition Reviews 1, 156 (1943)) 
and the relation of choline to the production 
and prevention of fatty infiltration of the liver 
and of hepatic cirrhosis (Ibid. 1, 88, 168 
(1943); 2, 302, 314 (1944); 3, 158 (1945); 4, 
137 (1946)). P. Handler (J. Nutrition 31, 621 
(1946)) has extended earlier observations 
(W. H. Griffith, J. Biol. Chem. 132, 639 
(1940); J. Nutrition 19, 437 (1940); W. H. 
Griffith and D. J. Mulford, Ibid. 21, 633 
(1941)) on factors that influence the inci- 
dence and severity of the renal pathology 
which is prevented by choline; and, P. Han- 
dler and I. N. Dubin (Jbid. 31, 141 (1946)) 
have supplied additional information on the 
relation of choline and protein to hepatic 
damage in rats. Handler produced hemor- 
rhagic degeneration of the kidneys and 
fatty livers in young rats after eight days on 
a diet containing casein 15, sucrose 58, cot- 
tonseed oil 15, cod liver oil 5, cholesterol 1, 
cystine 0.4, mineral salts 5, and B-complex 
vitamins (thiamine, riboflavin, calcium pan- 
tothenate, and pyridoxine). The renal 
lesions were unaffected by dietary supple- 
ments of alpha-tocopherol, biotin, and folic 
acid and were intensified by inositol. Sup- 
plements of nicotinamide, inositol plus toc- 
opherol, and lipocaic were partially protec- 
tive. Extracts of meat and of liver were 
wholly protective, presumably due to their 


high choline content. Nicotinamide, which 
was used as a means of decreasing the effec- 
tive level of dietary methionine increased 
the deposition of liver fat even though the 
food intake was little more than one-half 
that of control rats. Inositol decreased the 
liver fat and this result also occurred in the 
presence of nicotinamide. The lipotropic 
action of inositol was enhanced by toc- 
opherol, which had no effect as a separate sup- 
plement. Biotin and folic acid did not in- 
fluence liver fat. Lipocaic, extracts of meat 
and of liver, methionine, and choline were 
lipotropic. 

The interpretation of the data on hemor- 
rhagic degeneration was complicated by the 
finding that renal lesions were more severe 
in rats housed individually than in groups 
although the intake of food and the deposi- 
tion of liver fat were unaffected by the type 
of caging. Coprophagy, which was sug- 
gested as the explanation, was probably not 
the only factor because a similar effect of 
caging was not apparent in rats fed the basal 
diet plus supplements of nicotinamide or of 
inositol. It is possible that a variation in 
the age of the rats or in the number of days 
required for the development of renal path- 
ology was equally important. Hemorrhagic 
degeneration is noteworthy because of the 
extraordinary rapidity of its onset and, in 
many surviving rats, of apparent recovery. 


W. H. Griffith (J. Nutrition 19, 437 (1940)) 
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has reported significant differences in these 
respects between rats attaining the same 
weight (40 g.) at 20 and 23 days of age. 

Handler found that substitution of starch 
or of glucose for sucrose was without effect 
on either the liver fat or the renal syndrome 
but that the substitution of lactose or of 
galactose for sucrose was highly protective. 
This result may have been due, in part, to 
the decreased food consumption of the rats 
on the lactose and galactose diets and, in 
part, to the demonstrated nutritional in- 
adequacy of lactose (B. H. Ershoff and H. J. 
Deuel, J. Nutrition 28, 225 (1944)). 

Hemorrhagic degeneration is not limited 
to weanling rats. Handler observed acute 
renal degeneration in rats after five weeks 
if the casein level of the diet was reduced to 
6 per cent. He also demonstrated the 
occurrence of this syndrome in adult rats 
after unilateral nephrectomy. Mature rats, 
which were fed the low choline diet for six 
weeks before nephrectomy, showed a high 
incidence of renal lesions in the remaining 
hypertrophied kidney between the tenth and 
fourteenth postoperative days. No lesions 
appeared in control rats which were not fed 
the low choline diet until two weeks after 
unilateral nephrectomy. It is evident that 
the rate of phospholipid turnover and of 
growth are more important in the production 
of this sign of choline deficiency than is the 
age of the rats. 

In the studies of Handler and Dubin, the 
most extensive liver damage resulted from 
feeding a diet containing casein 5, starch 68, 
fat 20, cystine 0.5, cod liver oil 2, mineral 
salts 4, and vitamins (thiamine, riboflavin, 
pyridoxine, calcium pantothenate, para- 
aminobenzoic acid, and 2-methyl-naphtho- 
quinone). Although the low casein level 
minimized early fatalities resulting from 
hemorrhagic degeneration, relatively few 
rats survived the four month experimental 
period. The livers of the survivors showed 
extensive necrosis and fibrosis. The liver 
fat was variable but it was evident that fatty 
infiltration had preceded the degenerative 
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changes because the livers of rats killed after 
thirty and sixty days contained high con- 
centrations of fat. Omission of the added 
cholesterol and a large part of the fat resulted 
in necrosis without fibrosis. Substitution 
of sucrose for starch further decreased the 
severity of the necrosis. Increases in casein 
from the 5 per cent to 7 and 10 per cent levels 
resulted in severe hemorrhagic degeneration 
which caused the death of the rats within six 
and two weeks respectively. Livers were 
normal if a supplement of choline or of 
methionine was added to the basal ration. 

Attempts were then made to produce 
hepatic damage in the absence of fatty in- 
filtration. The addition of nicotinamide to 
a basal diet similar to that described above 
was ineffective because the survivors showed 
fatty livers. Substitution of lactose for 
starch resulted in the death of the rats within 
three weeks. Reduction of the thiamine 
supplement to prevent growth was effective. 
Fatty infiltration was slight or absent in 
rats of this group (E. W. McHenry, J. 
Physiol. 89, 287 (1937)) and virtually no 
necrosis was evident at the end of the four 
month period. Similar success in the pre- 
vention of fatty infiltration and liver damage 
resulted from a 50 per cent restriction of the 
food intake. The surviving animals which 
gained weight showed somewhat elevated 
liver fat concentrations and slight degrees of 
necrosis with minimal fibrosis. Livers of 
rats which failed to grow were normal. 
These results suggested that hepatic necrosis 
in choline deficiency occurs under those 
circumstances which produce extensive fatty 
infiltration and actually may be the end re- 
sult of this process. Contrary to this, over 
one half of the rats which survived the four 
month period on a high casein (18 per cent) 
diet showed marked fatty infiltration with 
slight evidence of hepatic necrosis or fibrosis. 
Nicotinamide was used to reduce the ef- 
fective methionine level of this diet. Of 
interest is the finding in control experiments 
that N’-methylnicotinamide, alone or with 
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homocystine, failed to exert lipotropic ac- 
tivity. 

These data confirm the earlier demonstra- 
tions of liver damage in rats on diets low in 
protein and in sources of labile methyl. 
That the severe hepatic necrosis which char- 
acterized the low casein (5 per cent) ration 
was not produced on the high casein (18 per 
cent) diet, though fatty infiltration occurred, 
emphasizes the possible role of other amino 
acids as protective agents. Present evi- 
dence suggests that cystine and methionine, 
at least, are of fundamental importance in 
the maintenance of normal liver tissue under 
these conditions. ‘The extra cystine supplied 
by casein was probably not significant in 
these experiments in which 0.5 per cent of 
this amino acid was included in the diet. 
The role of the extra methionine supplied by 
casein is uncertain inasmuch as the authors’ 
estimate of the reduction of the effective 
methionine level, due to the addition of nico- 
tinamide, varied from one-sixth to two thirds 
of the total methionine. Protection against 
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necrosis and fibrosis but not against fatty 
infiltration on the high protein diet suggests 
a deficiency of other alipotropic amino acids 
in the low casein diet. The protection 
against both fatty infiltration and hepatic 
degeneration that resulted on the low protein 
diet, on which growth and the level of metab- 
olism were further decreased by thiamine 
deficiency or by restriction of the food 
intake, is not in disagreement with this pos- 
sibility. 
specific dietary inadequacies in animals suf- 
fering from multiple deficiencies is not un- 
common. 


A failure of appearance of signs of 


These studies stress most emphatically 
the complicated interrelationships that exist 
between various nutrients in metabolism. 
The profound differences in the incidence, 
severity, and type of syndromes of choline 
deficiency which result from apparently 
minor alterations in the composition of the 
diet indicate how readily conflicting descrip- 
tions of a particular nutritional deficiency 
may arise in different laboratories. 


NUTRITIONAL STATUS OF OTOMI INDIANS 


The results of a survey of the nutritional 
status and the food habits of the Otomi In- 
dians in the Mezquital Valley of Mexico, con- 
ducted under the auspices of the Interna- 
tional Health Division of The Rockefeller 
Foundation and of the Ministry of Public 
Health and Welfare of Mexico, have been 
reported by R. K. Anderson, J. Calvo, G. 
Serrano, and G. C. Payne (Am. J. Pub. 
Health 36, 883 (1946)). The Otomi Indians 
inhabit an exceedingly arid region which is 
unsuitable for agriculture, although this is 
the chief occupation. The production of 
pulque, the fermented juice of the ““maguey”’ 
or century plant, is an important factor in 
the economy and nutrition of the people. 
Some corn and beans are grown but the 
yields are small. The daily fare consists of 
beans, pulque, chili peppers, wild greens of 
all kinds, and tortillas prepared from corn. 


The poor economic status of the Otomi In- 
dians is illustrated by the fact that the daily 
expenditure for food is less than 5 cents and 
this represents three fourths of the average 
income. Sanitary facilities are practically 
nonexistent, louse infestation is universal, 
and medical care is meager. ‘The birth and 
death rates of infants and young adults are 
high. 
between 35 and 40 years of age have an aver- 


Clinical histories showed that women 


age of six or seven children, approximately 
40 per cent of whom were no longer living. 
Pulmonary and intestinal diseases are the 
main causes of death. Usual tropical dis- 
eases, including hookworm and malaria, are 
uncommon due to the dryness and temperate 
climate of the region which has an altitude of 
6500 feet. 

The survey included 84 per cent of the in- 
dividuals in four villages with a population 
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of 1149. A record of food consumption on 
both a household and an individual basis was 
obtained. Two of the villages were studied 
from October to December, 1943, and the 
others from March to September, 1944. 
Careful physical examinations were made, 
special attention being directed to the detec- 
tion of symptoms and signs of deficiency dis- 
ease. Blood samples were obtained from 
90 per cent of those examined. Cornea, bul- 
bar conjunctiva, gums, and tongue were 
studied with the slit-lamp and _ biomicro- 
scope. Dental examinations were made on 
52 per cent of the group. 

The average intake of nutrients and the 
corresponding per cent of the levels recom- 
mended by the National Research Council 
(Nutrition Reviews 3, 287 (1945)), corrected 
for age and sex distribution, were as follows: 
calories, 1706 (70 per cent); protein, 51.0 g. 
(80 per cent); calcium, 0.82 g. (85 per cent); 
iron, 23.2 mg. (203 per cent); vitamin A, 
5498 1.v. (127 per cent); thiamine, 1.61 mg. 
(135 per cent); riboflavin, 0.69 mg. (42 per 
cent); niacin, 9.4 mg. (79 per cent); and, 
ascorbic acid, 96.3 mg. (141 per cent). Tor- 
tillas furnished from 48 to 85 per cent of all 
nutrients except vitamin A and ascorbic acid, 
which were supplied mainly by wild greens 
and by pulque, respectively. The drinking 
of pulque was universal, the average daily 
consumption by adults being 1 to 2 liters. 
In many instances it substituted completely 
for water. Although the alcoholic content 
varied from 3 to 5 per cent, drunkenness was 
uncommon. In addition to ranking first as a 
source of ascorbic acid, pulque was second 
in importance as a source of calories, thia- 
mine, riboflavin, niacin, calcium, and iron. 

- The average diet supplied 600 calories 
more than the basal requirement estimated 
from height-weight data, not a bountiful but 
a significant margin for activity. Protein, 
fat, carbohydrate, and alcohol provided 12, 
11, 69, and 8 per cent of the calories, respec- 
tively. Less than 5 per cent of the average 
protein intake consisted of animal protein, 
approximately one half of the group receiv- 
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ing no animal protein whatsoever. One out 
of 7 ate less than 50 per cent of the recom- 
mended intake of protein and one fourth of 
the children, 4 to 15 years of age, were in this 
category. Children were characterized by 
marked underdevelopment and _ retarded 
growth. Serum albumin and total serum 
protein averaged 4.8 and 7.4 per cent, respec- 
tively, with only 10 per cent of the total 
group showing values less than 4.0 for al- 
bumin and 6.5 for total protein. The con- 
centration of hemoglobin and the number of 
red cells were satisfactory in all age groups, 
the values for lactating and pregnant women 
not being significantly lower than those for 
other women. 

No cases of rickets were encountered al- 
though 26 per cent of children up to 12 years 
of age, exclusive of breast-fed infants, con- 
sumed less than one half of the recommended ° 
intake of calcium. Breast-feeding usually 
continued through the first year, at least. 
The calcium-phosphorus ratio averaged 0.75 
and exposure to sunlight was more than ade- 
quate. Phosphatase determinations were 
within normal limits. The teeth were re- 
markably free from caries, perfect teeth 
being found in 39 to 100 per cent of the in- 
dividuals in all age groups. On the other 
hand, calculus deposits were excessive and 
the incidence of gingivitis was extremely 
high. Red, swollen, spongy gums occurred 
in over 80 per cent of the adults. This con- 
dition did not appear to be related to a defi- 
ciency of ascorbic acid because the intake of 
this vitamin was not less than 75 per cent of 
the recommended level in any age group and 
its concentration in the blood was generally 
over 1 mg. per cent. The average dietary 
supply of vitamin A, almost exclusively in 
the form of carotene, was in excess of recom- 
mended levels, although 13 per cent of the 
group consumed less than one-half the recom- 
mended level. However, 90 per cent showed 
serum values above 50 1.u. per 100 ml. In- 
stances of dry, hyperkeratotic skin were be- 
lieved due to hygienic and physical factors 
rather than to vitamin A deficiency. The 
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supply of thiamine was more than ade- 
quate. 

Photophobia, with or without burning of 
the eyes, angular cheilosis, and glossitis were 


of common occurrence. This is not surpris- 
ing in view of the low average intake of ribo- 
flavin, approximately 70 per cent of the 
group consuming less than one half of the 
recommended level. Niacin deficiency may 
have been an additional factor, in so far as 
the tongue changes are concerned, on 
account of the predominant role of corn in 
the dietary. The cheilosis responded in four 
weeks to daily administrations of 5 mg. of 
riboflavin in 8 of 13 persons showing severe 
lesions. Treatment with vitamin B-com- 
plex preparations resulted in improvement in 
3 of the 5 subjects who failed to respond to 
riboflavin. 


BIOTIN AND 


Fatty livers in young rats have been pro- 
duced by feeding whole dried liver but not by 
feeding water-extracted liver residue (N.R. 
Blatherwick et al., J. Biol. Chem. 103, 93 
(1933)). Later, E. W. McHenry and 
G. Gavin (Science 91, 171 (1940)) reported 
the occurrence of acutely fatty livers in 
young rats following administration of an 
extract of beef liver. This effect of liver was 
ascribed to biotin and it was concluded that 
the so-called biotin fatty liver could be dif- 
ferentiated on the basis of its resistance to 
the lipotropic action of choline but not to 
that of inositol (G. Gavin and E. W. Mc- 
Henry, J. Biol. Chem. 141, 619 (1941); G. 
Gavin, J. M. Patterson, and E. W. Mce- 
Henry, Ibid. 148, 275 (1943)). These in- 
teresting observations have been reviewed 
previously (Nutrition Reviews 2, 163, 302 
(1944)). M. L. MacFarland and E. W. 
McHenry (./. Biol. Chem. 159, 605 (1945)) 
have reported that the biotin fatty liver is 
not as resistant to the lipotropic action of 
choline as was formerly believed. 
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The nutritional status of this culturally 
and economically depressed tribe was sur- 
prisingly good considering the virtual ab- 
sence of meat, dairy products, fruits, and 
vegetables from the diet. The utilization of 
the leaves and sap of edible wild plants, in- 
digenous to the region, compensated to a 
marked extent for the deficiencies of the prin- 
cipal dietary component, corn. The sup- 
plementation was insufficient, however, to 
furnish adequate levels of protein, riboflavin, 
and niacin. The lack of a liberal supply of 
protein of high biologic value in the diet of 
the children appears to have been the most 
serious defect of the food supply. This sur- 
vey is an excellent example of the acquire- 
ment of facts which must precede the initia- 
tion of a program designed to improve social 
and economic conditions as _ well to 
accomplish nutritional rehabilitation. 


as 


LIVER LIPIDS 


The whole question of the occurrence of 
a biotin fatty liver as a separate entity has 
been questioned by studies undertaken sub- 
sequent to the report by J. M. R. Beveridge 
and C. C. Lucas (J. Biol. Chem. 157, 311 
(1945)) that choline is more effective than 
inositol in decreasing the level of cholestery] 
esters in livers of rats fed diets low in lipo- 
tropic factors. C. H. Best, C. C. Lucas, J. 
M. Patterson, and J. H. Ridout (Biochem. 
J .40, 368 (1946)) have failed to find any sup- 
port for the conclusion that biotin produces 
a selective deposition of cholesteryl esters in 
the liver, that inositol has a specific effect on 
cholesteryl esters, or that the fatty liver pro- 
duced after the administration of biotin is 
particularly resistant to choline. 

In these experiments rats weighing 60 to 
120 g. were fed a fat free basal diet (casein 
10, sucrose 84, celluflour 2, minerals 4, and 
cod liver oil concentrate 0.015) for three 
weeks to deplete the animals of B-complex 
vitamins as in McHenry’s studies. Follow- 
ing the depletion period, during which the 
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food consumption decreased from 10 g. at 
the beginning to 3 to 4 g. at the end, all rats 
were given daily injections of a vitamin solu- 
tion containing thiamine, pyridoxine, ribo- 
flavin, niacin, and calcium pantothenate, 
and one half of the test animals received 
daily administrations of 5 micrograms of 
crystalline biotin. In addition, daily sup- 
plements of choline (20 mg.), of inositol (20 
mg.), or of both nutrients were supplied 
similar groups of rats on the biotin and con- 
trol regimens. The amounts of glyceride, 
of phospholipid, and of free and total cho- 
lesterol in the liver were determined after one 
and three week periods of this supplemental 
feeding. The same plan was followed in a 
second series except that supplementation 
with the vitamin solution and with biotin, 
choline, and inositol was initiated at the 
start of the experiment and the food intake 
was restricted to that of the animals in the 
first series. These procedures permitted the 
determination of the effects of biotin, choline, 
and inositol in rats receiving comparable 
quantities of food but differing with respect 
to the preliminary depletion of these nu- 
trients. As it turned out, this difference 
had practically no effect on the outcome of 
the experiments. 

The occurrence of inereased amounts of 
cholesteryl esters in livers of rats on diets 
lacking choline and inositol was directly re- 
lated to the deposition of fat and was inde- 
pendent of the administration of biotin. In 
some but not in all experiments, biotin in- 
creased the liver lipids but the accumulation 
of cholesteryl esters was not peculiar to the 
groups receiving this substance. The lipo- 
tropic effect of choline was greater than that 
of inositol. In so far as reduction of steryl 
esters is concerned, choline was as active as 
inositol in the one week test period and more 
active in the three week period. Whether 
larger supplements of these two lipotropic 
compounds would have wholly prevented 
increases in the glycerides and the cholesteryl 
esters of the liver was not determined, but a 
combination of choline and inositol, each 
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partially effective by itself, maintained ‘nor- 
mal concentrations of the liver lipids. 
These results were not altered by the admin- 
istration of biotin. For this reason, Best 
et al. recommend the abandonment of the 
term ‘“‘biotin fatty liver.” 

It is difficult to reconcile the contradictory 
reports on the influence of biotin and of cho- 
line on the liver. The explanation may de- 
pend upon highly important differences in 
the requirement of nutrients due to varia- 
tions in the quantity and quality of the in- 
gested food. Whether this was a pertinent 
factor in these conflicting results is not cer- 
tain because complete data on consumption 
of food are not included in the papers of Me- 
Henry which are cited above. It is signifi- 
cant, however, that the deposition of lipids 
in the liver of the young rat is markedly af- 
fected by apparently slight changes in the 
rate of growth or in the level of metabolism. 
The specific effect of a lipotropic or of an 
alipotropic compound may be masked by 
variations in food consumption and by 
differences in the efficiency of utilization 
of isocaloric food mixtures (W. H. Griffith, 
J. Nutrition 22, 239 (1941); D. J. Mulford 
and W. H. Griffith, Ibid. 23, 91 (1942)). 
Similar complications confront every in- 
vestigator whose results depend on feeding 
experiments but the problem seems more 
disturbing in studies of choline metabolism, 
probably because of its participation in 


such diverse vital processes as the formation _ 


of tissue the transport and 
metabolism of fatty acids, the production 
of acetylcholine, and the metabolism of 
labile methyl compounds, including that 
of the indispensable amino acid, methionine. 
The maintenance of normal concentrations 
of lipids in livers of growing rats is dependent 
upon complex metabolic equilibriums which 
may easily be upset by any one of many 
factors, hormonal as well as_ dietary. 
Inositol appears to be one of these factors 
but its lipotropic activity and its synergism 
with choline remain unexplained. 


structures, 
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NOTES 


Anti-Inositol 


A mixture of the isomeric hexachlorocyclo- 
hexanes is used in commerce as the insecti- 
cide “666,” and has been claimed by R. E. 
Slade (Chem. Ind. 40, 314 (19445)) to owe its 
activity almost wholly to the gamma-isomer. 
He mentions that the resemblances between 
the hexachlorocyclohexanes and the hexahy- 
droxycyclohexanes have been pointed out, 
and that presumptive evidence is available 
that the gamma-hexachlorocyclohexane has 
the same configuration in space as i-inositol. 
The evidence was that obtained from infra- 
red spectrophotometry and also that from 
comparison of the observed proportions of 
the isomers in the reaction mixture obtained 
by fully chlorinating benzene with the 
theoretically expected proportions. 

Attempts to determine the configurations 
of the chlorine compounds by transforming 
them into the corresponding inositols were 
made by J. R. Dacey, J. Colucci, and 8. 
Kirkwood (Unpublished data, Canadian Na- 
tional Research Council (1944)), without 
success. 8S. Kirkwood and P. H. Phillips 
(J. Biol. Chem. 163, 251 (1946)) have there- 
fore turned to biologic evidence in the 
attempt to distinguish between the hexa- 
chlorocyclohexane isomers. Their aim was 
to select an organism requiring inositol and 
to grow it in an inositol-free medium contain- 
ing graded amounts of the hexachlorocyclo- 
hexanes and of i-inositol. The organism 
chosen was Saccharomyces cerivisiae, which 
was grown on the medium of R. J. Williams 
et al. (Univ. Texas Pub. no. 4137 (1941)) 
with slight modification. The inoculum for 
all experiments consisted of the yeast cells 
washed three times with the basal medium 
and then suspended in sufficient basal me- 
dium to give a specified reading in a photo- 
colorimeter against the basal medium as 
standard. 

The mixture of hexachlorocyclohexanes 
was prepared by passing’ dry chlorine gas 





through benzene refluxing in a Pyrex flask lit 
by a mercury vapor lamp. The crude mix- 
ture of isomers was separated by the proce- 
dure of T. van der Linden (Ber. d. deutsch. 
chem. Gesell. 45, 231 (1912)) and the basal 
medium saturated with each of the isomers 
separately for growth tests. The alpha, beta, 
gamma, and delta forms dissolved in the 
medium to the extent of 40, 20, 50, and 60 
micrograms per milliliter respectively, and 
their inhibitory powers were tested at these 
concentrations. The inhibition produced 
by the alpha and beta isomers was compara- 
tively slight and that due to the delta isomer 
was more pronounced, but with none of these 
did i-inositol reverse the inhibition. The 
gamma-isomer markedly inhibited the 
growth of the yeast, and this inhibition was 
progressively but not completely reversed 
by the addition of 1 to 6 micrograms of 
l-inositol. A strain of the yeast which did 
not require an exogenous source of inositol 
was inhibited only slightly by the gamma- 
isomer. 

These observations offer excellent biologic 
evidence that the gamma-hexachlorocyclo- 
hexane has the same spatial configuration as 
i-inositol. The low molecular inhibition 
ratio of the inhibitor to the inositol indicates 
a close structural similarity. This conclu- 
sion, reached as a result of the experiments 
with yeast, supports the hypothesis of R. E. 
Slade (loc. cit.) that the gamma-hexachloro- 
cyclohexane exerts its insecticidal action by 
interfering with the inositol metabolism of 
the insect. 


Nutritional Value of High Extraction 
Wheat Meals 


Experimental work on the nutritional 
value of high extraction wheat meals has 
attracted much attention in South Africa in 
recent years, and a preliminary report of 
experimental work by A. R. P. Walker, J. T. 
Irving, and F. W. Fox has appeared 


(Nature 157, 769 (1946)). The subject is of 
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particular importance to nutritional workers 
in South Africa because in that country for 
the last five years all wheat meal used for 
bread making has been standardized at an 
extraction level of at least 95 per cent. The 
evidence obtained in recent years that phytic 
acid present in high extraction wheat flours 
may interfere with the absorption and utili- 
zation of mineral constituents of the diet, has 
been a cause of particular concern in a coun- 
try where wheat and maize constitute a large 
proportion of the diet and where other 
sources of calcium are apt to be consumed in 
very small quantities. 

The National Nutrition Council of South 
Africa decided therefore to carry out investi- 
gations similar to those on which the 
evidence concerning the harmful action of 
phytic acid was obtained, and the present 
preliminary report gives a brief description 
of the results. The investigators used 
healthy human subjects who consumed 1 
pound daily of the standard South African 
war bread, and closely followed the method 
and procedure described by R. A. MeCance 
and E. M. Widdowson (J. Physiol. 101, 
44 (1942)). They measured the intake 
and excretion of calcium, magnesium, total 
phosphorus, and phytic acid phosphorus for 
3 male subjects over long periods and as a 
check upon the general analytical procedures 
they also measured iron balances as sug- 
gested by McCance and Widdowson. 

The results show that when subjects 
change abruptly from their usual diet to one 
of lower calcium content including a con- 
siderable amount of bread made from high 
extraction wheat meal, they show an imme- 
diate negative calcium balance. The body, 
however, adjusts to the new conditions so 
that in time it again begins to retain calcium 
and in due course the losses which have been 
sustained are made good. It was also found 
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that immediately after passing from the 
usual to the standard bread diet the phytic 
acid ingested was almost completely hydro- 
lyzed, but on returning to the usual diet with 
its lower phytic acid content the proportion 
hydrolyzed fell to that previously observed. 

The necessity of fairly long experimental 
periods during which the body can accommo- 
date itself to the experimental level of intake 
has been emphasized previously, but the 
authors stress that in the presence of fairly 
substantial amounts of phytic acid in the 
diet such accommodations can still take 
place. They point out that the same con- 
clusion was reached some years ago by L. 
Nicholls and A. Nimalasuriya (J. Nutrition 
18, 563 (1939)). 

The authors consider that only on the 
assumption of the possibility of such accom- 
modation can one explain why the poor 
Europeans of South Africa and particularly 
the Bantu population who live almost exclu- 
sively on very high cereal diets are able to 
absorb the small amounts of calcium present 
when accompanied by much larger quanti- 
ties of phytic acid. They expressly state 
that they do not wish to minimize the neces- 
sity of providing an adequate amount of 
calcium in the diet, while they do suggest 
that if for any emergency reason such high 
extraction wheat meals must be employed 
the disturbance of calcium metabolism which 
undoubtedly does occur may be regarded as 
temporary. 


Recent Nutrition Books 


Diabetic Care in Pictures. Helen Rosenthal, 
Frances Stern, and Joseph Rosenthal. 
J. B. Lippincott Company, Philadelphia. 
1946. Pp. 150 

Tables of Composition of the Major Foods 
Consumed in Cuba. Myrtle H. Neblett. 
Virtudes 152, Habana, Cuba. 1946. Pp. 
54. ($1.25). 
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THE NUTRITION FOUNDATION 


The Nutrition Foundation wes organised by food and related manufacturers in December, 1941, 
asia sincere expression of their interest in scientific progress and human health. The basic pur- 
poses of the Foundation are: (1) the development.of a comprehensive program of fundamental 
research, providing basic information in the science of nutrition; and (2) the support of educational 


measures that will assist in making the science of nutrition effective in the lives of present and 
future generations. 


The Foundation functions chiefly through grante-in-aid in support of research in university and 
medical centers where there are facilities for research in the basic sciences and public health. 


The entire program is one of public service. The funds of the Foundation are obtained through 
voluntary contributions from founder and sustaining members and donors. All member contribu- 
tions are. made on a five year basis so that the Foundation can be assured of support for at least 
five years in planning its program. Grants are normally made twice each year, to become available 
on January ist or July Ist. 


The Board of Trustees, the governing body of the Foundation, consists of representatives of 
contributing members and representatives of the general public. : 


BOARD OF TRUSTEES 
*Kart T. Compton, Chairman 
President, Massachusetts Institute of Technology 
*Cason J. Catruawar, Vice Chairman 

Hamilton, Georgia 


Ov Saurus, Secretary 


* Asterisk (*) indicates Trustess as representative of the public. 








The publication of NUTRITION REVIEWS has been undertaken to enable pro- 
fessionally trained people to keep abreast of current progress, and to have available 
an unbiased, authoritative review of the current research literature in the science 
of nutrition. 

The Editorial Staff has been carefully selected so that the publication will merit 
in reasonable degree, the confidence of the medical profession and others who work 
directly with the public in the field of nutrition. The service provided by the 
publication is distinct from that of an abstract journal, a review for laymen, or 
an extensive scientific review. Since the reviews as originally prepared by a 
member of the Editorial Staff are frequently modified by special referees and may 
be further modified by the Editorial Office in preparing final copy for the press, 
the Editorial Committee feels that it is preferable not to affix the names of Edi- 
torial Staff members to individual reviews. There is thus a high degree of group 
responsibility on the part of the Editor and Assistant Editors. 

Signed articles do not necessarily represent the opinion of the Editorial Staff. 





